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BIBLIOGRAPHY OF PEDICULUS AND PHTHIRUS 


INCLUDING ZOOLOGICAL AND MEDICAL PUBLICATIONS DEALING 
WITH HUMAN LICE, THEIR ANATOMY, BIOLOGY, RELATION 
TO DISEASE, ETC., AND PROPHYLACTIC MEASURES DIRECTED 
AGAINST THEM. 


By GEORGE H. F. NUTTALL, F.RS. 


(From the Quick Laboratory, University of Cambridge.) 


INTRODUCTION. 


Tus bibliography—the first of the kind hitherto published—deals 
with zoological and medical publications relating to the two species of 
lice (Pediculus humanus Linn. 1758 and Phthirus pubis Leach, 1815) 
infesting man, the part they play in pathology, the prophylactic measures 
and means of destruction employed against lice, their anatomy and 
biology and other matters pertaining to them. 

The bibliography was compiled in connection with my studies on 
Pediculus, and it is published at this stage of the work with a twofold 
object: (a) To avoid the necessity of giving full references repeatedly in 
the parts that follow, wherein the subject-matter to which the biblio- 
graphy relates will come under exhaustive review. (b) To supply the 
want of a growing number of investigators who have been compelled 
in the course of the war to give these repulsive insects the attention 
they deserve. The lack of knowledge of the literature on lice shown 
by most recent writers has, in several instances, led to remarkable 
blunders which would have been avoided if the authors had been familiar 
with the work accomplished by their predecessors. 

Every effort has been made to consult the original publications, but, 
owing to the war, there has been much difficulty, especially in obtaining 
access to some foreign papers of recent date. The bulk of the papers 
cited in the bibliography has been published since the war began. In 
some cases only an abstract or quotations have been available, in others 
the papers have remained inaccessible, and of necessity, they are cited 
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merely by title in the bibliography. As far as I am aware, only one 
really important paper, that of Sikora (1v. 1916), has escaped examina- 
tion; this paper is cited as important by several German writers, but 
unfortunately it is at present unobtainable. 

Readers who may note omissions or errors are invited to help in 
their correction, for deficiencies are most likely to creep into a biblio- 
graphy ranging over a literature where titles are so frequently misleading. 

The bibliography enumerates 639 publications of which 404 have 
been consulted in the original, 81 in the form of abstracts or quotations 
by other authors, whilst 154 are cited by title only, being either inacces- 
sible or still to be consulted. The bibliography includes references 
contained in the (a) Index Catalogue of the Library. of the Surgeon- 
General's Office, U.S. Army [1. c.] first and second series; (b) Index 
Medicus [{1. M.] first and second series up to the end of volume XIV, 
Dec. 1916, inclusive; (c) Concilium Bibliographicum [c. B.]. A number 
of publications that have proved inaccessible are given by Mjéberg [M.]; 
several of these having been found inaccurate, were checked by reference 
to C. W. Stiles and A. Hassall’s Index Catalogue of Medical and Veterinary 
Zoology {s.], which began to appear in 1902, is very complete, but has 
no subject index as yet. Where Mjéberg’s references were found want- 
ing they are described according to Stiles and Hassall, as indicated by 
[s.] following the title. Apart from the references obtained from 
original sources, and for which I am personally responsible, the accuracy 
of those references to which I have not had access has been checked, as 
far as possible, by the consultation of bibliographical works. Imperfect 
references which could not be verified are intentionally omitted, except 
in the case of some that Mjéberg (1910) may have given inaccurately 
and which could not be checked. A number of incomplete references to 
older writers are given by Schjédte (1864). With a few notable excep- 
tions (Hooke, Leeuwenhoek, Swammerdam, etc.) reference to the really 
old literature has been omitted. Readers interested in tracing the 
frequently doubtful records of lice in the writings of classical authors or 
old writers on medicine, are referred to the papers of Landois (1864 b, 
1865 b) and Knott (1905) which contain many citations. Husemann 
(1867) records “phthiriasis” from the Middle Ages. Kiichenmeister 
(1857) discusses the supposed references to lice in the Bible. Fischer 
(1915) gives citations from writers of the 16th century and onwards. 
Piaget (1880) furnishes a large number of useless references to authors 
who merely mention Pediculus; such references might be multiplied 
indefinitely. 
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N.B. Comments by the writer on the contents of some of the 
publications are enclosed in [ ] brackets; some of these papers are 
valuable, others the reverse, and in the latter case they will not as a rule 
be referred to again. The small capital letters in brackets [1. c.], [1. M.], 
[.], ete. are added toward the end of those references only that have not 
been personally verified ; the letters indicate the sources whence the refer- 
ences were derived as described in the foregoing paragraph. 

The capital letters or abbreviations in large type at the end of the 
references serve as a key to the chief contents of the publications they 
accompany; they are intended to facilitate the work of those who may 
use the bibliography. In the case of publications that have not as yet 
been consulted by me, the key is merely based on the indications afforded 
by the title; this also applies to papers of this class dealing with 
“ Phthiriasis,”’ where the key PH. may be somewhat misleading because 
the term has frequently been applied in place of Pediculosis. The 
explanation of the key-lettering is as follows: 


A = Anatomy and histology of lice. 

B = Biology, including physiology of lice. 

D = Diseases conveyed and injurious eflects produced by lice. 

E = Enemies and parasites of lice. 

Epip. = Epidemiology (pure) of Typhus and Relapsing fever as described 
by authors prior to the discovery that lice serve as vectors. 

G = General reference to lice. Usually contained in text-books and 
mostly unimportant. 

Gro. = Geographical distribution of lice. 

H = Historical. 

I = Iconography (usually when of special interest). 

K = Killing of lice, including general prophylaxis and treatment. 

O = Nothing original in the publication. 

P = Popular. 

Pu. = Phthirus, or affections due to this insect’ and their treatment. 
In the unverified references, as indicated before, “ Phthiriasis”’ 
may mean Pediculosis, the terms having been frequently inter- 
changed in the past. See also under G, 1, 8s. (Phthirus is 
commonly misspelt Phthirius.) 

R = Related forms (Anoplura and Mallophaga) whose structure bears 
on Pediculide. 

S = Systematic, or giving a general description of the characters having 
systematic importance in relation to lice. 
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Introduction. 


TuE following pages give an account of the part played by P. humanus 
in pathology, no summary of the kind having hitherto been published 
to the writer’s knowledge. Most attention is devoted to the part 
played by the louse in the etiology of typhus and relapsing fever because 
of their importance and prevalence in certain countries involved in 
the present war. The most important discoveries relating to these 
two diseases are of relatively recent date and this accounts, in a 
measure, for the ignorance of these achievements of science among many 
members of the medical profession when the war began. As an 
example I may mention that after the war had lasted about a year, 
a physician of my acquaintance who was in charge of a large hospital 
actually scoffed at the statement that lice convey typhus and relapsing 
fever—we trust that he has grown wiser in the interval. 

From the point of view of the historical sequence of the more recent 
discoveries bearing upon the two diseases mentioned, relapsing fever 
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should have been considered first, as the investigation of this disease 
by Sergent preceded and stimulated similar researches into the etiology 
of typhus by Nicolle and his collaborators. The latter disease, however, 
is given precedence because of its graver character. The remaining 
subject-matter is similarly treated in the order of its practical im- 
portance. 


I. TYPHUS FEVER AND ITS CONVEYANCE BY LICE. 


1. THe GeocrapnicaL DistRIBUTION AND PREVALENCE OF TYPHUS. 


Typhus was exceedingly prevalent throughout Europe in former 
times, but, apparently owing to a general improvement that took place 
in hygienic conditions lasting up to the outbreak of the present war, 
the disease had gradually become almost entirely confined to certain 
endemic areas. 

Typhus is essentially a disease of cool and temperate climates. 
In Europe, during recent decades, it had been chiefly recorded from 
Galicia, Poland, European Russia, Ireland, and Italy, all but the last 
having been regarded as its chief endemic centres. Typhus occurred 
to a moderate extent in England, Wales, and Scotland, and to an 
undeterminable degree in Finland, Spain, Portugal, Bohemia, Austria, 
Hungary, Bukowina, Roumania, Bulgaria, Montenegro, Serbia, Greece, 
Turkey, and some of the Mediterranean Islands. The disease had 
grown rare in Norway and Sweden, Denmark, Holland, Belgium, 
France (since 1893), and Switzerland, and this may also be said of 
Germany where the cases that occurred were largely imported from 
Russia and Galicia. On the continent of Africa, it has been recorded 
from the countries bordering upon the Mediterranean (Morocco, Algeria, 
Tunisia, Tripoli, Egypt), where it may be regarded as endemic. In Asva, 
typhus occurs in Asia Minor, Armenia, Persia, Mesopotamia, the Caucasus, 
Siberia, Central Asiatic Russia, India, Northern China, Korea and 
Japan. In America, it is still reported occasionally from Canada and 
the United States where severe epidemics followed on the track of - 
Irish immigrants in the middle of the last century; it has, moreover, 
been recorded for a long time from Peru, Chile, Brazil, Bolivia, Nicaragua, 
and it is endemic in and about the City of Mexico}. - 

The prevalence of typhus in the centres where it occurs most fre- 
quently is shown in the following table, the latter requiring but little 

1 These data have been compiled from Hirsch (1881), Clemow (1903), Low (1916) 


and knowledge personally acquired. 
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comment. A great decrease in the number of deaths is observable 
in succeeding decades or groups of years in the case of some countries. 
No doubt this decrease coincided with a fall in the number of vermin- 
infested persons in the population, coupled with a better standard 


of living. 


Deaths from Typhus Fever recorded in Various Countries 


Condensed from Low (1916, pp. 32—86). 


England and Wales 1869-83 1884-98 1899-1913 
(15 yrs) (15 yrs) (15 yrs) 
23,702 2,249 390 
Scotland 1865-74 1875-84 1885-94 1895-1904 1905-14 
(10 yrs) (10 yrs) (10 yrs) (10 yrs) (10 yrs) 
5,547 2,693 818 308 147 
Ireland 1869-83 1884-98 1899-1913 
(15 yrs) (15 yrs) (15 yrs) 
11,544 4,703 1,043 
Italy 1887-1900 1901-14 
(14 yrs) (14 yrs) 
13,909 1,514 
Galicia 1895-1904 1905-12 
(10 yrs) (8 yrs only) 
5,592 2,181 
Germany 1886-95 1896-1905 1906-10 
(10 yrs) (10 vrs) (Syrs only) 
302 81 19 
Russian Empire 1905-11 
(7 yrs) 
European Russia 45,533 
Poland 1,126 
The Caucasus 1,546 
Siberia 681 
Rest of Asiatic Russia 327 
Total 49 213 
Mexico City 1893-1913 
(21 yrs) 
14,758 








With the advent of the war, history repeats itself, classical 
examples being afforded by experiences in Serbia and Germany. German 
authors are unanimous in attributing epidemic typhus in their country 
to the entry of Russian prisoners who were largely verminous, and when 
they were mercilessly herded together with prisoners from other 








46 Lice and Disease 


countries and “isolated” not from each other but from the Germans, 
severe epidemics broke out amongst them. The disease nevertheless 
occurred among the civil population, but we do not know to what 
extent. Low (1916, p. 57) has compiled a list of six towns, beginning 
with Berlin, in which typhus occurred in 1915, besides which epidemics 
occurred in prisoners’ camps in 16 districts; he names 10 camps in which 
British soldiers were confined and where typhus broke out. It is doubt- 
ful if statistics relating to these outbreaks among prisoners will ever 
be made available in the future. In Serbia, the deaths from typhus 
were reckoned at 500 a day in February 1915. 


2. THe Epimemiotocy or TypHus. EARLIER OBSERVATIONS. 


Before describing more recent researches into the etiology of typhus 
fever, it is necessary to dwell briefly upon some of the evidence that 
was gathered by earlier investigators concerning the epidemiology of 
the disease, especially as much of the evidence applies equally to 
relapsing fever (see Section IT). 

The older authors all lay stress upon the occurrence of typhus epi- 
demics in times of calamity, during periods of famine when the crops 
failed, whilst war raged, or when there were commercial crises leading 
to general impoverishment. The influence of filth and overcrowd- 
ing, and unhygienic conditions generally, were recognized as potent 
factors in the epidemiology of typhus. Many records relate to out- 
breaks of typhus in crowded or ill-ventilated workmen’s quarters, in 
overfilled prisons and poor-houses, on shipboard, in armies in the field, 
but especially among the besieged and besiegers. The seasonal inci- 
dence during winter (November to April) was attributed to overcrowding 
indoors during this season. 

A suggestive observation, in the light of our present knowledge, 
is recorded by Bernhardi! who states that the prevalence of louse 
infestation was observed in the 17th century in connection with typhus 
and relapsing fever. Moreover, Low (1916, p. 61), writing of typhus 
in Hungary, mentions that “at the beginning of the 17th century, 
Tobias Coberus expressed his belief that the louse had a psychic effect 
upon the human subject; he therefore recommended garlic applied as 
a prophylactic against war-typhus”...“ which he seems to have asso- 


1 Cited by Landois (1865), pp. 499-503) from Hecker’s Kunst die Krankheiten des 
Menschen zu heilen, 5th ed., 1. 671. [I have been unable to gain access to this work. 
Hecker was born in 1763 and died in 1811; the 2nd ed. of the work appeared in 1805.] 
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ciated ‘with the presence of lice upon the person attacked.” [Low 
gives no reference. ] 

That the clothing of typhus patients is a source of infection, was 
soon recognized. Lind (1833)! pointed out the high incidence of 
typhus among laundresses, and Perry (1836)! noted its spread through 
convalescents transferred to clean wards with the clothes they had 
worn when ill. 

Passing over older authors, we find that Hirsch (1881, vol. 1, p. 405) 
points out the great similarity between the epidemiology of typhus 
and relapsing fever, the world-wide distribution of the two diseases, 
and the fact that in neither is any racial immunity observable. 

Of fundamental importance, however, is the work of Murchison 
(1884) on the epidemiology of typhus. There is practically nothing 
to add to-day to the epidemiology of the disease as outlined by this 
author, if we except the most recent discoveries regarding the part 
played by lice as vectors. Murchison found: (1) That when typhus 
appears in a locality or house, it usually spreads very fast. (2) That 
the number of cases stands in direct relation to the degree of contact 
between individuals. (3) That persons visiting the sick are prone to 
catch typhus. (4) That the sick convey the disease to clean quarters. 
(5) That typhus is checked by isolation of the affected. (6) That it 
is acquired by contact with the sick, by contact with objects contamina- 
ted by the sick, and by sojourning in places previously occupied by 
typhus cases. 

Murchison referred outbreaks to clothes “saturated with typhus 
poison.” He indicated the need of personal cleanliness, warm baths, 
change of garment, and the disinfection of clothing for those in attend- 
ance on the sick. The convalescent should receive the like treatment. 
Visitors should not sit on the beds occupied by the sick, and in hospitals 
“the same bed and bedding ought always to be reserved for typhus 
cases.” He considered that there was much evidence which proved 
the efficacy of these simple prophylactic measures. 

The period of incubation, under natural conditions, would appear 
to vary between 9 and 20 days. (Jacquot, in the Crimean war, recorded 
9-13 days; Barallier gives 12-15 days; Murchison gives 12 days, basing 
the figure on 31 cases observed by him in practice; Thoinot and 
Dubief (1893), in Paris, give the period as 10 or more days; Boral (1915) 
and other recent writers record an incubation period lasting 10 to 
20 days.) 

1 Cited by Murchison (1884). 
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3. THE DISCOVERY THAT THE Virus oF TYPHUS OCCURS IN THE BLOOD OF 
THE AFFECTED AND THAT THE DISEASE IS COMMUNICABLE TO MAN AND 
Anma ts By INocuLATION. 


That the blood of typhus cases is infective for man was first demon- 
strated by Moczutovski (1900)!, who inoculated himself therewith and 
suffered from an attack of typhus fever after an incubation period of 
18 days. His heart never recovered from the effects of the disease 
and he died, a hero of science, in 1903". Yersin and Vassal! confirmed 
Moczutkovski’s observation by inoculating two men who developed 
typhus after 14 and 21 days respectively. 

The discovery that typhus is communicable to apes and monkeys, 
made by Nicolle (12. vir. 1909, pp. 157-160), was of great importance 
since it enabled experimental investigation to be conducted in the 
laboratory®. Nicolle, working in Tunis, transmitted typhus to a chim- 
panzee by the inoculation of 1 c.c. of human blood taken from a patient 
on the third day of the attack of fever, after the eruption had appeared. 
The chimpanzee, a young animal, after an incubation period of 24 days, 
developed a succession of typical symptoms of typhus: fever, eruption, 
prostration, diarrhoea, dark red plaques on the trunk followed by 
the disappearance of the eruption, desquamation on the hands, pro- 
gressive emaciation, and a subnormal temperature. Two days before 
the rash appeared, when the chimpanzee’s temperature registered 
40-2° C., some blood was drawn from the animal and | c.c. thereof 
was injected into a monkey, Macacus sinicus, which, after an incubation 
period of 13 days, in turn developed typical typhus. 

The work of Nicolle and his collaborators appeared to indicate 
that typhus was. not directly communicable by inoculation from man 
to monkey, although they succeeded in infecting monkeys after passing 
the virus through the chimpanzee. Monkeys, however, frequently 
react atypically, as Anderson and Goldberger (18. 11. 1910, pp. 177--185) 
found in Mexico, when experimenting with Macacus rhesus and Cebus 
capuchinus which they inoculated with 20 ¢.c. and 8 c.c. of human 
“tabardillo” (= typhus) blood in two or three successive doses’. 

1 Cited by Thoinot (1915). 

2 For biography see Obozr. psichiat., nevrol., etc., Petrograd, 1903, vim. 320, 

3 The dog, cat, and rabbit are definitely stated to be immune (Nicolle, Blanc and 


Conseil, 1. xm. 1914, p. 103). 
‘ It was only at a subsequent date that the identity of Mexican “tabardillo” and 


juropean typhus was established to the satisfaction of the authors. I would note, 
however, that Hirsch (1881, p. 402) said they were identical. 
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Anderson and Goldberger (loc. cit.) found that monkeys which had 
recovered from typhus inoculation became immune against reinocula- 
tion with typhus virus; that human blood was infective for eight days, 
and monkey blood for 5-6 days after the onset of the attack. On 
epidemiological grounds they believed that lice, but not bugs and fleas, 
served as carriers. They did not convey typhus to monkeys by means 
of lice. In a paper published a few days previously, Ricketts and 
Wilder (5. 11. 1910, pp. 463-467) reported that they had communicated 
Mexican typhus to Macacus rhesus by an injection of blood drawn 
from a man on the eighth day of the disease; the monkey showed no 
eruption like that observed in man. 

Ricketts and Wilder (16. 1v. 1910, pp. 1304-1307) next inoculated 
rabbits and observed a rise of temperature in these animals after 5-12 
days, no eruption occurring and the bacteriological examination being 
negative. The authors lay stress upon the need of tmmunity tests 
being carried out with animals that have merely shown fever followed 
by recovery. This test eonsists in inoculating the recovered animals 
a second time with virulent typhus blood—a negative result indicating 
that they have been rendered immune by the first (masked) attack. 
This test is especially necessary when dealing with animals which do 
not develop typical symptoms. They reported that they could not 
maintain the virus by passage through more than 2-3 monkeys, and in 
these animals the disease proved to be mild or abortive, so that they 
could reach no conclusions without resorting to the immunity test. 
They found human typhus blood to be infective for monkeys on the 
8-10th day of the attack. Gavino and Girard (1910, pp. 1-32), working 
independently, were able to transmit Mexican typhus from man to 
Ateles vellerosus by the inoculation of 3-5 c.c. of blood. The animals 
showed fever after an incubative period of 11-14 days, and, after 
recovery, were found to be immune to reinfection. The virus persists 
in human typhus blood up to the tenth day of the attack. They found 
that the guinea-pig is susceptible to typhus. 

Anderson and Goldberger (2. 11. 1912, pp. 149-160) demonstrated 
experimentally that “Brill’s disease?” occurring in New York, is 
identical with “tabardillo” of Mexico and European typhus fever. 
They successfully infected monkeys (Macacus rhesus) with the blood 


1 Their suggestive observations on the distribution of lice and typhus in Mexico 
will receive mention in the following paper on the Biology of Pediculus humanus. 

2 Vide Brill, N. E. (1898), New York Med. Journ., Lxvu. 48, 77; (tv. 1910) Am. Journ. 
Med. Sci. 
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of a patient in New York, the animals recovered, and were then found 
to be immune to “tabardillo” and vice versa. They regarded the New 
York strain of typhus as undoubtedly of European origin. Brill (vit. 
1911, pp. 196-218) who had made a clinical study of 255 cases, re- 
described the symptoms, described the pathology of a fatal case, and 
agreed that the disease he observed was similar to typhus. 

Prowazek (3. x1. 1913, pp. 2037-2040) inoculated Macacus rhesus 
intravenously (1) with 1-5 ¢.c. of human blood drawn on the sixth day 
of the disease, and (2) with twice washed citrated blood drawn on the 
19th day of the disease. Both experiments were positive. He reported 
the successful infection of guinea-pigs with the virus after its passage 
through monkeys. 


4. THe virus oF TYPHUS MAINTAINED BY PassaGE THROUGH DIFFERENT 
ANIMALS. 

Nicolle (14. 1v. 1915, pp. 160-161) reported that he was able to 
maintain the virus of typhus in a state of undiminished virulence by 
passage through guinea-pigs, monkeys and lice’. In two experiments 
he transmitted the virus through a series of (a) 16 and (6) 22 guinea- 
pigs respectively, and found it still virulent for monkeys. The inocula- 
tion of small doses of virus from guinea-pigs did not cause infection, 
but appeared to render the inoculated animals immune. Nicolle and 
Blaizot (1. rv. 1916, pp. 127-134) subsequently reported upon further 
passage experiments: a virus, obtained in April 1914 from an Algerian 
case of typhus, was maintained for two years in the laboratory by means 
of 61 passages through monkey—guinea-pig—monkey—louse—monkey 
—louse—monkey—16 consecutive guinea-pigs—one monkey—35 con- 
secutive guinea-pigs. A second virus, obtained in May 1914 from a 
Maroccan case, was maintained by passage through one monkey— 
59 consecutive guinea-pigs. They found it best to transmit the virus 
by intraperitoneal inoculation of heart-blood in quantities of 2-3 c.c., 
several animals being inoculated at a time to avoid a possibly negative 
result. 


5. Tue ExPerimeNTAL DEMONSTRATION THAT LICE CONVEY TYPHUS. 


The well-known similarity between the epidemiology of typhus 
and relapsing fever, coupled with the work upon the latter disease 
carried out by Mackie, Smith and especially Sergent and Foley in 


1 See the next section (5) regarding lice. 
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Algeria, suggested that lice, with a high degree of probability, would 
prove to be the vectors of typhus. 

Nicolle, Comte and Conseil (9. 1x. 1909, pp. 486-489) observed that 
typhus in Tunis occurred amongst the poorest classes living under 
unhygienic conditions, and, on the evidence afforded by the epidemiology 
of the disease, they undertook experiments with lice. On the date 
mentioned, they reported that they had successfully transmitted typhus 
from monkey to monkey by means of the bites of infected lice (corporis) 
that had fed on a typhus patient 1-7 days previously. 

Ricketts and Wilder (16. 1v. 1910, pp. 1304-1307) confirmed the 
observations of the French authors, finding that lice’, fed either on 
man or monkeys suffering from typhus, were capable of infecting 
monkeys by their bites. The American authors also infected monkeys 
through the scarified skin by means of the gut contents of lice killed 
three days after they had fed upon a typhus monkey. 

Wilder (19. vir. 1911, pp. 72, 73, 89, 92-98) next reported upon the 
successful infection of seven out of ten monkeys that were bitten by 
lice (corporis) previously fed on typhus patients, also on an experiment 
with two monkeys that were infected through the contents of such 
lice placed upon the scarified skin. The virus was conveyed from one 
monkey to another by lice, and still another monkey was infected by 
subcutaneous inoculation with the intestines of six lice. The minimum 
number of lice required to infect a monkey by their bites in these experi- 
ments was reckoned at 17. The statement is made, on the basis of 
one experiment only, that the virus of typhus is probably transmitted 
hereditarily in the louse. Transmission experiments by means of fleas 
and bugs gave negative results. The author suggests prophylactic 
measures being taken against lice (corporis). 

Goldberger (1. 111. 1912, pp. 298-307) conducted experiments with 
the New York strain of typhus. He fed corporis on a typhus monkey 
and afterwards on two healthy monkeys, one of which apparently 
reacted. Two experiments upon transmission by means of crushed 
lice, made from monkey to monkey, failed, but two similar experiments 
made from man to monkey succeeded apparently for these monkeys 
failed to react to a subsequent inoculation with 3 c.c. of virulent typhus 
blood. Head-lice (capitis), fed upon a typhus patient, were crushed 
and inoculated into a monkey with positive result, and two out of three 
monkeys were infected successfully through the bites of such lice?. 

1 Called throughout the paper “P. vestamenti” (sic). 
2 These are apparently the only experiments made with capitis. 
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Immunity tests were applied in each instance to the animals which 
had recovered!. The author concludes that typhus may be transmitted 
both by lice being crushed upon the skin or through the bites of the 
infected insects. 

These experiments of Goldberger’s do not appear entirely convincing, 
and a statement by Anderson and Goldberger (x. 1912, pp. 101-130) 
rather bears out this contention. They mention, namely, that about 
22 % of the monkeys used for experiment possess transient or permanent 
immunity against typhus inoculation. They failed (p. 130) to confirm 
Wilder’s opinion that the virus of typhus is hereditarily transmitted 
in the louse. 

The period of infectivity of lice. Nicolle, Comte and Conseil (1909, 
vide supra) found lice infective 1-7 days after they had fed on typhus 
blood; Nicolle and Conseil (1911) subsequently infected two monkeys 
with lice after a period of 5-7 days. Wilder (1911) thought he had 
infected a monkey through louse bites after an interval of 7-11 days. 
Anderson and Goldberger (x. 1912, p. 129) thought that in one of their 
experiments they had infected a monkey through louse bites after 
a period of 1-4 days. These conclusions appear difficult to harmonize. 
[See the results of further experiments by Nicolle and his colleagues, 
on p. 53.] 

Prowazek (3. x1. 1913, pp. 2037-2040) infected a monkey by in- 
jecting the contents of a single crushed louse that had fed two days 
before upon a typhus patient and had been afterwards fed twice upon 
a monkey. The test monkey showed fever on the 12th day after 
inoculation; the blood changes, as also the lesions, agreed with those 
observed in man, there being no other apparent reason why the animal 
died. He found no organisms in the lice. Though much has been 
made of this observation of Prowazek’s in Germany, there was 
practically nothing new in it?. 

Sergent, Foley and Vialatte (3. m1. 1914, pp. 964-965) note that 
epidemics have occurred frequently in which typhus and relapsing fever 
have been observed side by side. The explanation of this is rendered 
obvious by an experiment wherein the authors fed lice from a relapsing 
fever patient upon a man, and unintentionally gave him typhus’. They 

1 It may be stated incidentally that immunity cross-tests, in the hands of the authors 
and also of Ricketts and Wilder, established the non-identity of experimentally induced 
typhus and Rocky Mountain fever in monkeys. 

2 §. von Prowazek died 17. m. 1915 from typhus contracted whilst studying the disease 


among Russian prisoners of war at Kottbus (Med. Klinik, x1. 264). 
3 Incubation period of 14 days after the infective lice began to feed daily upon the man. 

















G. H. F. Nurraun 53 


confirmed the observations of Nicolle and his collaborators in that they 
transmitted typhus to a man and monkey by inoculation with crushed 
infective lice. They state that typhus virus is transmitted hereditarily 
in lice. The incubation period in monkeys inoculated with the contents 
of infected lice or their eggs, lasted eight and five days respectively. 

Ussher (19. 1x. 1914, pp. 509-510) in Van, Turkey, records that a male 
nurse “subjected himself to infected lice, and promptly contracted the 
disease,” after an incubation period of five days, according to the author’s 
recollection, which would appear to have been untrustworthy or else the 
man was infected before. A five day incubative period is too short. 

Nicolle, Blanc and Conseil (3. x1. 1914, pp. 661-664; 1. xir. 1914, 
pp. 84-121) record two interesting cases of louse transmission of typhus: 
(1) a guardian of a Tunisian penitentiary, since deceased, having doubts 
as to the part played by lice as vectors, and being of an independent 
and experimental turn of mind, surreptitiously placed some lice, taken 
from a typhus patient, upon the neck of one of two workmen who came 
from the outside and lodged in an outhouse apart from the infected 
inmates. The experimentally infested man developed typhus on the 
ninth day, whereas the “control” remained well. (2) A laboratory 
assistant was accidentally bitten by an infected louse and developed 
typhus on the 10th day. 

In view of the conflicting results obtained by various investigators 
(see p. 52), the authors sought to determine when the lice become in- 
fective. For this purpose they fed lice to repletion upon infected 
monkeys, and, at stated intervals, they crushed 10-40 or more of these 
lice and injected their substance intraperitoneally into test animals 
as follows: (1) eight monkeys and two guinea-pigs were inoculated 
with lice crushed after 1-8 days with negative result. (2) Four 
monkeys and one guinea-pig were inoculated with lice crushed after 9-10 
days and all developed typhus. The periods of incubation observed in 
the case of the last four monkeys were respectively 10, 22, 26 and 
41 days. The authors note that it was a mistake of the American 
observers to discard their non-reacting monkeys as early as the 15th 
to 20th day after inoculation since the incubation period may be longer. 

The faeces of lice fed on typhus blood were found infective by the 
inoculation of animals: 


Faeces collected Result of inoculation 
2-10 days after the lice were infected ... 1 positive 
6-10 i ~ = 1 positive 
3-6 Pa - - 2 positive 


7-9 9 - - 1 doubtful and 1 negative 
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These results are similar to those obtained with plague and fleas, 
where infection may be caused through the bites of insects or through 
their dejecta, the act of scratching by the subject bitten affording a 
means of entry of the virus into the system. 

Contrary to Wilder (1911), and Sergent, Foley and Vialatte (1914), 
and in agreement with Anderson and Goldberger (1912), Nicolle and his 
colleagues (1914) find that there is no proof of hereditary transmission 
of typhus virus in lice, they consider that such transmission is improb- 
able on epidemiological grounds. I cannot see why, on epidemiological 
grounds, hereditary transmission of the virus should be improbable, 
for in relapsing fever whose epidemiology is similar to typhus, the 
spirochaetes are transmitted hereditarily. 


6. Some Conrirmatory EXPERIENCES IN PRACTICE. 


Ussher (19. 1x. 1914, pp. 509-510), who observed an extensive 
typhus epidemic in Van, Turkey, gives a short but interesting account 
of his experiences under difficult circumstances. He was the first to 
recognize the nature of the malady which caused the death of 2,500 
soldiers. Although the preventive measures he instituted were some- 
what primitive, no cases occurred in the hospital when precautions 
were taken to exclude lice. When this was done, the typhus cases 
could be placed in beds beside other patients with impunity. As soon 
as it was possible to do so, both infected clothing and bedding were 
boiled to destroy the lice they might harbour. 

According to an abstract of their paper, Klemperer and Zinn (11. 
1915, p. 325) describe the case of Dr Jochmann who died of typhus 
contracted in attendance on typhus patients. He died on the 11th 
day after an incubation period of 10 days. Jochmann was convinced 
that typhus is only conveyed by lice, and, in a book he published 
(no reference) he cites cases, as do also Klemperer and Zinn, to prove 
that louse-free patients are not a source of danger. Jochmann had 
ten people about him when he was ill, including his wife and children, 
but none caught typhus. Uhlenhuth (9. v. 1915, p. 531) shares the 
opinion of Jochmann and cites Jiirgens and Gottschlich (1915, Med. 
Klinik, No. 13) in confirmation. 

Kirchner, the Chief of the Imperial Bureau of Health of the German 
Empire, is cited in a German Editorial (28. 11. 1915, p. 263) as having 


1 The authors had previously laid stress on the similarity in the epidemiology of typhus 
and relapsing fever (v. infra p. 61). 
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presented a report on typhus to the House of Representatives in Berlin. 
He stated that typhus was more prevalent in Russia than in Germany 
into which it was introduced by Russian prisoners. Typhus was 
checked by the isolation of these prisoners (perhaps by the Wittenberg 
method!). An investigation conducted at the instance of the Govern- 
ment, confirmed the view that typhus is “almost’’ exclusively conveyed 
by lice. ‘ 

The Professor of Hygiene at Berlin, Fliigge (9. v. 1915, p. 531) 
reports that experience covering several months in German prison 
camps, confirms the belief that typhus is solely conveyed by lice. 

Boral (17. vi. 1915, p. 641) concludes from epidemiological obser- 
vations upon Austrian, troops, that man is not infective for lice during 
the incubative period of typhus, and that in the absence of lice the 
disease is not conveyed from man to man at any stage of its 
evolution. 

Blumberg (vir. 1915, p. 837) observed a large epidemic among 
prisoners of war at Brandenburg, lice having been brought to the camp 
by Russians nearly all of whom were verminous. 

Neukirch and Zlocisti (5. m1. 1916, p. 259) record their experiences 
with typhus in Anatolia. They state that fleas abounded so that 
everybody was bitten by them, nevertheless very few of those who 
attended upon typhus cases acquired the disease. Bugs (Cimez) 
could also be excluded as carriers, for they swarmed in a typhus ward 
whence the patients had to be cleared for the reception of wounded; 
none of the latter caught typhus. All of the Turks, who suffered from 
typhus, were verminous. 

Deléarde and d’Halluin (20. tv. 1916, pp. 310-320), ex-prisoners of 
war in Germany, report upon their experiences with typhus in the 
camps at Langensalza, Saxony, and at Niederzwehren, near Cassel. 
Russian and French prisoners, numbering 20,000, were intermingled in 
these two camps. The authors observed 2,000 cases of typhus, and 
estimate that the number totalled 5,000. Of 7,131 French prisoners, 
987 died of typhus; they were all verminous. The authors believe that 
lice play the chief part in the spread of typhus’. 

1 The authors think, however, that typhus may also be conveyed, although to a 
lesser degree, by coughing, and, in support of their contention, cite the case of a physician 
who caught typhus although no lice were found on him; a typhus patient had previously 
coughed in his face. They mention plague as possibly a parallel instance, where we 
know that infection may be conveyed by ectoparasites (fleas) and also by the inhalation 
of plague bacilli from sputum sprayed into the atmosphere in droplet form. The authors 
do not take into account that the small larval stages of lice may well escape notice. That 
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The foregoing instances, illustrating the part played by lice in 
relation to typhus epidemics, will suffice for our purpose. Similar 
experiences have been reported from Russia and Serbia. 


7. DEMONSTRATION OF THE PracticaL Resutts of PRopHyLactic MEASURES 
BASED ON THE KNOWLEDGE THAT LicE convEY TYPHUS. 


The knowledge gained regarding the part played by lice in the 
propagation of typhus, led naturally to the institution of prophylactic 
measures directed against lice. The results have been most striking 
in Tunis, as is shown by the published figures given by Nicolle and 
Conseil (20. 1. 1915, pp. 18-20; also referred to by Nicolle, 14. rv. 1915, 
p. 160). The preventive measures produced a great fal] in the number 
of cases following on the vear 1911, as follows: 


Typhus fever incidence in Tunis. 


Year Number of cases 
1909 856 all indigenous 
1910 148 

1911 180 

1912 22 

1913 S ” 
1914 3 all imported 
1915 0 


Owing to the war, no evidence as striking as that tabulated above 
is at present available from any other part of the world. The evidence 
affords a complete demonstration of the efficacy of measures directed 
against lice which are the only known vectors of typhus. 


8. Note on THE Virus oF TYPHUS. 


A perusal of the literature on typhus shows that there is no general 
agreement as to the nature of the virus. Typhus is one of those diseases 
in which the supposed cause has been repeatedly discovered in the 
course of many years. Of recent writers some claim that the causative 
agent is a cultivatable bacterium, others that it is an undeterminable 
microorganism which cannot be cultivated, others that it is a Protozoon, 
others again regard the supposed causative agent of certain authors 
typhus may be conveyed through the atmosphere is of course an old belief, similar to 
that which prevailed formerly in respect to malaria and yellow fever, both of which are 
mosquito-borne. Of recent authors, Kraus (1m. 1915, p. 314) and Bujwid (v. 1915, p. 531) 
still cling to this old belief. Proof is lacking that the virus of typhus occurs in the sputum. 
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as merely representing degeneration products of the host’s cells. Whereas 
it has been claimed by some that the virus is capable of traversing a 
bacterial filter others deny that this is the case. It appears inexpedient 
therefore to dwell further upon the matter in this paper. Those who 
may desire to study the literature on the subject are referred to the 
more recent publications of Ricketts and Wilder (1910), Prowazek 
(1915), Nicolle, Blane and Conseil (1914). Bodies called Rickettsia 
prowazeki are regarded as the cause by Rocha-Lima (1916 and before), 
Tépfer (1916), Tépfer and Schiissler (1916), Noeller (1916). The 
Bacillus typhi-exanthematici is regarded as the cause by Plotz (1914), 
Olitsky, Denzer and Husk (1916), and Paneth (1916). Supposed 
Protozoa have been described by Stempell (1916). The Diplobacillus 
exanthematicus is regarded as the cause by Rabinowitch (1914-16). 
Penfold (1916) describes a Micrococcus. Proescher (1915) describes 
minute Diplococci and Diplobacilli as present in the endothelial cells 
of the human subject. 

Some of these supposed causative agents have also been found in 
lice, either in infected or non-infected insects. Rocha-Lima denies 
that Rickettsia is ever found in normal lice, and his followers agree 
with him; on the other hand Rocha-Lima states that minute bodies, 
morphologically similar to Rickettsia, occur in uninfected lice, but that 
they differ in not undergoing multiplication in the cells of the insect’s 
midgut. 


II. RELAPSING FEVER AND ITS CONVEYANCE BY LICE. 
1. GENERAL CoNnsIDERATIONS. 


It has already been noted that epidemics of typhus and relapsing 
fever may occur side by side as was first clearly recorded in Ireland in 
1739, and that the two diseases agree in respect to their epidemiology. 
Both diseases were much more prevalent in former times. 

The geographical distribution of relapsing fever is similar to that of 
typhus, it is also a disease of cool and temperate climates, but it is not 
recorded from as many countries by Hirsch (1881, p. 417) and Clemow 
(1903, p. 364). In Europe, it occurs in Great Britain and Ireland, 
Belgium, Germany, Austria, Russia, Finland, Bulgaria and on islands 
in the Mediterranean. Like typhus, it is rare in Norway and Sweden. 
There are no records of it from Switzerland, ‘al Italy and Spain 


1 It has occurred among soldiers in the present war as ‘in army surgeon informs me. 
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that I can find. It occurs in Northern Africa, like typhus, in countries 
bordering the Mediterranean. In Asia, it is recorded from India, 
China (constantly associated with typhus), the Caucasus, Turkestan, 
Siberia and Russian Central Asia. In America, it occurs in the Northern 
Continent, but apparently not in Central and South America!. 

Our knowledge of the cause of the disease dates from Obermeier 
(1873), who discovered the parasite, Spirochaeta recurrentis Lebert 1874. 
This parasite is so well known that it needs no further consideration 
here. Moczutovski (1876) was the first to transmit relapsing fever 
from man to man by inoculation with blood taken from a patient, 
whilst Carter (1877-8) discovered that monkeys could be similarly 
infected. Rats and mice were subsequently found to be susceptible 
to infection, and since that time a very large amount of literature has 
been published in relation to the disease. As in the case of typhus 
the parasite occurs in the blood of the affected individual; it can be 
maintained in a state of undiminished virulence for an indefinite period 
by passage through animals in series. 


2. Tue EXPERIMENTAL DEMONSTRATION THAT LICE CONVEY 
ReELaAPsinc Fever. 


Mackie (14. xu. 1907, pp. 1706-1709) was the first to investigate 
the subject of lice in relation to relapsing fever. He observed an 
outbreak of the disease in a school at Nasik Mission Station, India, 
where boys and girls occupied separate buildings. When the outbreak 
began, some of the inmates departed, leaving 145 boys and 114 girls, 
of whom respectively 137 and 35 developed relapsing fever. The first 
15 girls attacked, had helped to nurse the sick boys amongst whom the 
outbreak started. At this time many of the boys harboured body- 
lice, whilst the girls were free from these parasites; some head-lice were 
found on the girls, fewer occurring upon the boys. As the outbreak 
progressed, body-lice were also found upon the girls. Mackie reported 
that Spirochaeta recurrentis was found in 14 % of the lice taken from 
the boys, and only in 2-7 % of those collected from the girls. 

Mackie failed to transmit relapsing fever to monkeys by means of 
infected lice. He states that the spirochaetes multiply in the insect’s 


1 The relapsing fever of tropical Africa is distinct from that of temperate climatés 
being caused by Spirochaeta dutton’ which is transmitted by a tick, Ornithodorus moubata. 
Some isolated reports of relapsing fever from Central and South America indicate that 


in these regions a species of tick may perhaps serve as a carrier. 
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gut, attaining their maximum development in three days'. He also 
noted the presence of Crithidia in the intestines of lice. Spirochaetes 
were found in the insects’ ovaries and Malpighian tubes, and they were 
expelled with fluid exuded from the oral aperture when the lice were 
compressed. Spirochaetes were not found in ova laid by infected insects. 

Sergent and Foley (11. 1908, pp. 174-176), impelled by the publi- 
cation of Mackie, issued a preliminary note upon their researches. 
They reported upon an epidemic of relapsing fever occurring during the 
winter at Béni-Ounif de Figuig, Sud Oranais, Algeria. Body-lice were 
observed in large numbers on nearly all the patients who were examined, 
the persons affected being mostly poor, living promiscuously, sleeping 
on mats and using heavy coverings in common, hardly ever washing 
or changing their clothes. Many of these persons showed self-inflicted 
scratches upon their bodies due to the presence of vermin. 

The authors were able to exclude mosquitoes, Cimex, and Argas 
persicus as carriers on epidemiological grounds. S. recurrentis was seen 
to disappear rapidly in Cimex, Argas and Pediculus that had fed upon 
infected blood. Some non-motile spirochaetes were discovered in the 
coelomic fluid of Argas up to the sixth day, but they did not reappear 
(as do S. gallinarum) when the ticks were subsequently placed at a 
temperature of 24-37°C. After biting relapsing fever patients in 
Algeria, the bugs, ticks, and lice were taken to Paris, where, after a 
period of six days from the time of feeding, the arthropods were 
crushed and their substance inoculated subcutaneously into monkeys. 
A positive result was only obtained with a monkey that had been 
inoculated with one of the crushed lice; following upon an incubation 
period of eight days, the monkey died of relapsing fever on the third 
day of illness. 

Smith (1909) in Egypt, observed an outbreak in which lice were 
common on the bodies of the affected persons. Spirochaetes were 
found in stained films prepared from lice, examined within four hours 
of their feeding on infective blood. He failed to infect a monkey by 
means of lice taken from the patients. Smith (1910, pp. 374-375) 
subsequently reported that he had failed to transmit different strains 
of spirochaetes (from New York, Egypt, Morocco) by the bites of infected 
lice. He scught to transmit spirochaetes in this manner from rat to 


1 This is contrary to. subsequent experience in Northern Africa. Involuntarily one 
asks oneself did Mackie perchance mistake the spermatozoa of the louse for spirochaetes 
as Klodnitzky (1908) did in the case of Cimex (vide Nuttall, Parasitology, 1. p. 144). I 
have twice, since that date, saved others from making a similar mistake. 
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rat, monkey and man; from monkey to monkey; from man to man, 
monkey and rat. By inoculating a Cercopithecus with 60 lice crushed 
18 hours after feeding on infective blood, he obtained, however, a 
positive result. 

Sergent and Foley (v. 1910, pp. 337-373) in Algeria, noted the 
increase in the number of cases of relapsing fever in cold weather, and 
a marked reduction during the warm season'. The indigenous popula- 
tion wear the same clothes day and night for weeks, and this favours 
the propagation of body-lice, especially in winter, when vermin are 
found on nearly all natives. In summer, the children are almost free 
from vermin because they wear little clothing, frequently nothing 
more than a shirt. Body-lice were found on all affected persons. 

The authors next infected a monkey by inoculation with the sub- 
stance of lice crushed 5-6 days after the insects had fed on a relapsing 
fever patient in the middle or during the course of the first attack. 
They infected two women by means of lice placed beneath their clothing 
and by means of blankets which harboured lice that had fed upon a man 
two days after he had suffered from his first attack of fever. They 
gave the name of Syuirochaeta berbera to the strain of S. recwrrentis they 
encountered in cases of relapsing fever in Africa. They repeat that 
bugs could be excluded as vectors of the disease?. 

In the winter of 1910-11, Sergent, Gillot and Foley (12. vir. 1911, 
pp. 438-440) observed an epidemic of relapsing fever in Algiers. They 
examined 17 patients, all of whom were lousy and belonged to a class 
of men who huddled together at the midday siesta on the harbour 
quay. The authors succeeded in infecting five out of eighteen monkeys 
that were inoculated with crushed lice collected from the patients 
1-9 days previously. In four of these monkeys the incubation period 


1 Casaux (Iv. 1914, p. 142) reports that relapsing fever also prevails in winter in Tonkin 
when the natives are confined in their huts; he regards lice as probable carriers. 

2 For the earlier work on Cimex as possible carriers of relapsing fever, see Nuttall 
(v1. 1908), Note on the behaviour of Spirochactae in Acanthia lectularia, Parasitology, 
1. 143-151, wherein, besides the author’s experiments, are cited those of Tictin, Karlinski, 
Schaudinn, Christy, Breinl, Kinghorn and Todd, and Klodnitzky. To these’ may be 
added the work of (1) Sergent and Foley (v. 1910, p. 370) wherein it was found that the 
spirochaetes usually disappear within the bug within 24 hours after they have fed upon 
infective blood. (2) Stefansky (1915), who appears to be ignorant of all previous work 
on the subject, judging from the review of his paper (“Do bugs play a part in the trans- 
mission of relapsing fever?” Pyccnili Bpayt, No. 11, reviewed in Mexqununmcroe 
O6ospbuie, rxxxu. 377), wherein it is stated that he fed bugs on relapsing fever cases 
and afterwards on monkeys with negative results; the spirochaetes in bugs vanished in 
two days, and the progeny of infected bugs were non-infective. 
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lasted eight days, in the fifth monkey it lasted six days. Spirochaetes 
were not discoverable microscopically in the infective lice. The period of 
incubation observed in the monkeys corresponds to that observed in men 
who became infected under natural conditions. This is in marked contrast 
to what obtains when monkeys are inoculated directly with blood taken 
from cases of human relapsing fever, in the latter case the incubation 
period is always less than 24 hours}. 

Nicolle, Blaizot and Conseil (10. vir. 1912, pp. 1636-1638) noted the 
striking similarity in the epidemiology of typhus and relapsing fever 
as seen in North Africa. The two diseases spread in the same manner, 
occurred in the same localities, attacked the members of hospital staffs 
who were concerned with the admittance and handling of incoming 
patients with their effects, whereas the physicians and nurses who 
handled the patients after they were bathed and cleansed escaped the 
infection. 

The authors’ observations regarding the mode of infection in relapsing 
fever were most interesting. They found that when body-lice were fed 
upon infective blood, the spirochaetes disappeared rapidly from the insects’ 
intestinal tract, but few could be detected microscopically after the 
lapse of 5-6 hours and all had disappeared after 24 hours. On the 
8-12th day, typical, active spirochaetes reappeared in the lice. At first 
the spirochaetes were short, subsequently they attained the usual 
dimensions they possess in man’s blood. They were seen to persist 
until the 19th day in the louse. A monkey was infected with the sub- 
stance of a louse which had been crushed 15 days after it had fed on 
infective blood. Thousands of infected lice were allowed to bite monkeys 
and a man with negative results?. It is clear that in nature infection 
must occur through the infective lice being crushed upon the indi- 
vidual. All lousy persons scratch themselves, thereby crushing vermin 
upon their bodies, and infecting the excoriated skin with contaminated 
fingers and nails. That infection occurs in this way was demonstrated 
experimentally by one of the authors upon his own person; crushed 
lice, placed upon the excoriated skin, produced relapsing fever after 
an incubation period of five days. A drop of blood containing the 


1 About this time Balfour (1911, p. 70) working in the Sudan, examined a few body- 
lice that had been taken from relapsing fever patients; he failed to infect monkeys through 
their agency and failed to keep the insects alive under experimental conditions. 

2 In one experiment a man was subjected to 6515 (later increased to 15,000) bites 
of infected lice. Further details of these experiments will be found in a later paper by 
these authors (1913, pp. 17-19, 29) and the papers of Nicolle and Blanc (1914). The 
latter record a second experiment on man wherein 1000 bites did not produce infection. 
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substance of crushed lice, when dropped upon the excoriated skin or 
upon the intact conjunctiva, produced relapsing fever in man. These 
cases were promptly cured in a few hours with salvarsan (or ludyl). 

In a later paper (26. vir. 1912, pp. 481-484), the authors state 
that a man was bitten 336 times by certainly infected lice and remained 
well, and that two persons did not become infected after being bitten 
respectively 1186 and 2828 times by-lice which were the progeny of 
infected parents. The authors reported three experiments to determine 
if the infectivity of lice is hereditarily transmitted; two experiments were 
negative and one positive. The latter experiment was reported upon 
in their earlier paper?. Some eggs, laid 12-20 days after the parent 
lice had fed on relapsing fever blood, were placed at 28° C. and began 
to hatch on the seventh day. The young larval lice and some unhatched 
eggs were now crushed and inoculated into a monkey which subse- 
quently developed relapsing fever. Spirochaetes were not discoverable 
microscopically in the eggs. 

Of 165 lice examined from the ninth day onwards, after they had 
fed on infective blood, 29 (ca. 18 %) subsequently showed spirochaetes 
in their coelomic cavity. Of 39 3g and 21 99 lice examined, respect- 
ively 10 % and 43 % subsequently showed coelomic infection, whilst 
spirochaetes were absent from the intestinal lumen and inoculations 
made with such lice gave negative results. 

Nicolle, Blaizot and Conseil published three papers on their investi- 
gations in the following year. In the first paper (12. 11. 1913, pp. 106- 
107), they report that in seven lots of body-lice fed on men or monkeys 
suffering from relapsing fever, rapid degeneration and disappearance 
of the spirochaetes was observed in a few hours, followed by their re- 
appearance after seven days. After about five days, the spirochaetes 
appeared in the coelomic cavity of the insects, and persisted there for 
8-12 days. The spirochaetes contained in the lice at this period were 
virulent for man and monkeys. They subsequently disappeared?. 

The authors’ second and third papers (11. 1913, pp. 204-205; and 


1 This experiment is also cited in their paper of m1. 1913, p. 222. They express the 
belief (p. 223) that the spirochaetes persist in nature through their being hereditarily 
transmitted in lice. This we know is what occurs with the Spirochaete duttoni in the 
tick, Ornithodorus moubata, in connection with the relapsing fever of tropical Africa. 

* The authors failed to obtain similar results with Spirochaeta duttoni, which, as has 
already been stated, is transmitted by a tick occurring in tropical Africa. In lice fed upon 
a severely infected monkey, the spirochaetes disappeared within the insects after two 


hours and they failed to reappear in 59 lice examined. The authors therefore conclude 
that lice are not suitable hosts for S. dutton?. 
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1913) are practically identical, although the latter (pp. 17-19, 29) 
gives some details not contained in the former. They cite the work 
of previous authors, and dismiss it as inconclusive. They express 
doubts as to the accuracy of Mackie’s statement that spirochaetes 
multiply in lice, this being contrary to what others have since observed. 
Sergent and Foley excluded other carriers than lice in connection with 
the Algerian epidemic they studied. In two experiments, they succeeded 
in producing infection with lice crushed 5-8 days after an infective 
feed of blood. Smith also succeeded in one experiment made with 
crushed lice. The authors cite Lemaire (no reference given) as having 
tried to infect a monkey by inoculation with two crushed lice and by 
the bites of infected lice. 

Nicolle, Blaizot and Conseil point out that previous investigators 
lacked two valuable methods in the study of the problem: (1) they did 
not use the ultra-microscope for the easy detection and observation of 
spirochaetes, and (2) they did not know the methods of raising lice 
under experimental conditions. With these aids, the authors determined 
that the spirochaetes become less motile already a few minutes after 
they enter the gut of the louse; in 1-2 hours their movement ceases ; 
the spirochaetes then begin to degenerate, and all trace of them within 
the louse vanishes after 24 hours. They reappear, however, on the 
eighth, but more usually on the twelfth day, the number per louse 
being estimated at 10,000 to 20,000. The spirochaetes are now very 
active. At first they are thin and short, later they attain the normal 
size they possess when multiplying in human blood. 

Sergent, Foley and Vialatte (3. 11. 1914, pp. 964-965) note that 
typhus and relapsing fever epidemics may occur together. We have 
already referred to this as an old and oft repeated experience. The 
authors, however, record an interesting observation wherein they acci- 
dentally transmitted typhus fever to a man and a monkey with the offspring 
of lice which it had been assumed were only infected with relapsing fever. 

Sergent and Foley (21. mr. 1914, pp. 471-472) describe an experi- 
ment wherein lice were removed from a man on the fifth day of his 
first attack of relapsing fever; the lice, after starving for six days, 
were crushed in normal salt solution and the infective fluid was dropped 
into the nose of a monkey with positive result, the monkey suffering 
{rom a single attack. 

Sergent and Foley (6. vit. 1914, pp. 119-122) note an earlier obser- 
vation of theirs which showed that the blood of convalescents is virulent 
during the first apyrexial period although it contains no microscopically 
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discoverable spirochaetes. In their experiments, in which they infected 
men and monkeys with lice crushed 1-8 days after the insects had fed 
on sprrochaetosis blood, it was noted that no spirochactes were discoverable 
microscopically in the infective material. 

The authors confirm the observations of Nicolle and his colleagues 
that spirochaetes reappear in lice after an interval of about eight days; 
they rightly lay stress upon the results of their experiments conducted 
in 1908-11 which demonstrated that lice harbouring no visible spiro- 
chaetes, are infective. It is therefore evident that spirochaetes must 
assume a minute form during the apyrexial period in man, and during 
a period lasting about eight days in the louse, after the latter has fed 
on spirochaete-containing blood. The authors conclude that spiro- 
chaetes undergo a cycle of development both in man and the louse, 
this being in accord with the view held by a number of authors, including 
the writer, that spirochaetes are Protozoa. 

Bisset (19. 1. 1914, pp. 114-119), who studied relapsing fever in the 
Meerut Division, India, examined 663 lice taken from patients, and 
found 26-3 % thereof infected; 100 control lice gave a negative result. 
He only found spirochaetes in the insects’ gut and coelomic cavity, 
and rarely found many after the lice had starved for 5-6 days. Lice 
infested all the families which suffered from relapsing fever, and the 
epidemiology of the disease pointed to lice being the only carriers. 
The author ignores the work already carried out by Sergent, Nicolle, 
and their colleagues in Africa. 

Toyoda (1914, pp. 313-320), likewise ignored the work of the French 
observers. He fed body-lice on mice whose blood harboured S. re- 
currentis (Russian strain); he afterwards maintained the insects at 
20-25° C., and fed them once daily upon a monkey which did not become 
infected. The spirochaetes in the lice were active for 4-5 hours, but 
they disappeared from the gut after 24 hours. A few were present 
in the coelomic cavity up to the seventh day, as demonstrated in stained 
sections. Crushed lice were infective for mice up to three days after 
they had fed on infective blood. He believed that spirochaetes multiply 
in the coelomic cavity and he found them in the region of the head in 
lice. Toyoda’s results, in the main, confirm those of the French ob- 
servers, but his experiments were very much less detailed. 

Nicolle and Blane (15. vi. 1914, pp. 1815-1817, preliminary note, 
and 1. xu. 1914, pp. 69-83) next reported upon five series of experi- 
ments in each of which 20 lice were fed upon a monkey with relapsing 


fever, the lice being subsequently fed upon healthy animals or men 
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for variable periods of time before they were examined microscopically 
or used for inoculation purposes after being crushed. 

In four experiments, the lice were killed 2-4 days after the infective 
meal; these lice showed no spirochaetes, and they were not infective. 
In three experiments, the lice were killed 5-6 days after the infective 
meal; these lice showed no spirochaetes, but they were infective. Five 
lots of lice, killed after 10-12 days, showed spirochaetes but none 
were infective. Exceptions occur, however, with regard to the time 
when the lice become infective and cease to be so. Thus, in two experi- 
ments by Nicolle, Blaizot and Conseil (previously referred to), some lice 
were found infective on the ninth day, but in this case the spirochaetes 
are stated not to have attained their full size, and Nicolle and Blanc 
have found lice to be infective for a man on the third day (one experi- 
ment) and for a monkey on the 15th day (one experiment). 

If we combine these interesting results of Nicolle and his colleagues 
with those of Sergent and Foley, previously cited, they may be 
tabulated as follows: 


Spirochaetes Infectivity 
Lice on days 2-5 after an infective meal absent inconstant 
» day 6 ie = is absent constant 
days 8-9 __,, . ” inconstant exceptional 


Therefore the infectivity of the lice does not depend upon the presence 
in them of microscopically visible spirochaetes. Lice usually become 
most infective about the sixth day, just before the spirochaetes reappear 
in them. Their infectivity subsequently diminishes, and it vanishes 
when the spirochaetes are constantly present and have attained their 
full size. Lice may occasionally be infective as early as the third and 
as late as the 15th day after feeding on infective blood. 

Nicolle and Blane reach substantially the same conclusions as 
Sergent and Foley. They believe that the spirochaetes in man and in 
the louse, after attaining their full dimensions, dwindle in size, and 
become no longer recognizable as spirochaetes. The minute forms are 
the only ones that are infective and capable of multiplication. It is 
doubtful if the fully grown spirochaetes undergo division either length- 
wise or crosswise as has hitherto been believed. 

Nicolle and Conseil (20. 1. 1915, pp. 18-20) state that the intra- 
venous administration of arseno-benzol, ludyl, or galyl, causes the 
spirochaetes to disappear in a few hours. We would add that Ehrlich 
was the first to discover that arsenic (salvarsan) exerts an immediate 
specific curative effect on relapsing fever. 


Parasitology x 5 
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III. MISCELLANEOUS INFECTIVE DISEASES WHICH LICE 
MAY SERVE TO SPREAD. 


Lice have been suspected as possible carriers of plague, typhoid 
fever, leprosy and beri-beri, the evidence adduced being as follows: 

Plague: Bulloch and Douglas (1909, p. 374) state, without giving 
a reference, that Herzog in Manila found Bacillus pestis in three head- 
lice removed from a child dead of plague. Swellengrebel and Otten 
(vir. 1914, p. 601), in Dutch East India, experimented with clothes-lice 
taken from the garments of persons dead of plague. The clothes 
were chloroformed and the insects shaken out after 15 minutes; 24 hours 
later, the lice were crushed and inoculated cutaneously in lots of 11 
to 254 into guinea-pigs. Of nine guinea-pigs that were thus inoculated, 
seven died of plague. The authors conclude that lice may convey 
plague under natural conditions by being crushed upon the skin. Raadt 
(1916, p. 39) took head-lice from a female plague patient, ground them 
up in salt solution and inoculated rodents therewith; all of the animals 
(five) thus inoculated died of plague. 

There is no evidence that plague can be conveyed by the bites of 
infected lice, as occurs in the case of fleas. 

Typhoid Fever: Abe (1x. 1907, p. 1929) believes that lice may play 
an important part in the spread of enteric fever. We know that 
Bacillus typhosus occurs in the blood, the organism having been found 
in about 93 % of blood samples taken from the roseola spots. Abe, 
who examined head- and body-lice fed on typhoid patients, found 
that 75°% of the insects harboured the bacilli. This requires con- 
firmation. 

Leprosy: Joly (1898, pp. 67-70) cites Sabrazés as suspecting lice 
of carrying this disease. It is well known that Bacillus leprae is present 
in enormous numbers in the skin in cases of cutaneous leprosy. Joly 
noted the prevalence of lice among the poorer classes in Algeria, these 
classes furnishing the greater number of lepers ih that country. Lice 
which feed on such lepers cannot avoid imbibing the bacilli; and might 
well transfer the bacillus from affected to healthy individuals. Leprosy 
bacilli have since been found in two head-lice out of many examined 
by McCoy and Clegg (1912, p. 1464). It has still to be proved that 
lice can convey leprosy. 

Beri-beri: Manson (1909, p. 627) has advanced the hypothesis that 
lice may possibly transmit beri-beri, a disease whose cause still remains 
undetermined. 
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Impetigo contagiosa, Pityriasis, Favus and Pyogenic infections: 
Aubert (1879) believed that lice spread impetigo, pityriasis, etc., by 
acting as predisposing factors and by generalizing the infection. Lice, 
according to this author, play a specially important part in the spread 
of favus, “dont les spores trouvent, dans le suintement ou les croiites 
d’un impetigo, des conditions favorables de fixation et d’adhérence.” 

Dewévre (1892, pp. 232-234) showed by experiment that head-lice 
may convey impetigo. He removed lice from impetigo cases and placed 
them on the heads of healthy children, who, some days later, developed 
impetigo. Lice from healthy children’s heads were placed upon the 
head of an affected child for twenty minutes, and were then transferred 
for half-an-hour to clean children’s heads with the result that 50% 
of these children became infected. Dewévre regards lice in the light 
of mechanical carriers of the infective agents. 

Correspondent (1901, p. 918) describes the case of a girl of three 
years at Toulouse, who died from acute skin infection (nature not 
stated) brought about by general infestation with lice. 

An Editorial (1905, p. 234), referring to a paper by Benenati (Gaz. 
d. Ospedali e d. Cliniche, 26. 111. 1905), gives reasons for doubting that 
deaths attributed to lice by classical authors were really due to these 
insects. One of the more recent historical instances of death attri- 
buted to pediculosis concerns the case of Ferdinand II., King of Sicily, 
who died in 1859. The Editorial expresses the view that the King’s 
death was due to pyaemia; the lice upon his person probably caused 
eczema, followed by secondary infection through the skin. 

Brumpt (1910, p. 550) refers to the scratching caused by head-lice 
as favouring skin infection and the production of impetigo. The lice 
gather beneath the scabs in impetigo, the skin secretion becomes viscid, 
then dried, 4 characteristic nauseous odour being given off. The 
scratching that ensues may spread the infection to the face and body, 
whilst the cervical glands often become involved. 

Malcolm Morris (1911, pp. 158-159) advises the physician to look 
for nits in cases of impetigo contagiosa associated with itching of the 
scalp. 

Salomon (1912, p. 201) writes that head-lice produce characteristic 
effects, these being (1) impetiginous eczema of the back of the neck, 
and (2) a condition he has observed in 35 cases and regards as a specific 
affection: the last phalanges of the fingers, rarely the other phalanges 
and palm of the hand, show superficial, painless blisters containing 
either serum, which may be blood-tinged, or else thin pus. The blisters 
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may attain the size of a two-shilling piece, and are accompanied by 
multiple phlegmons. He denies that the condition is merely due to 
Staphylococcus infection, and is inclined to attribute it to the effects 
of the contents of the lice that are crushed upon the fingers. 

Sobel (1913, pp. 656-664) who has had a very large experience of 
pediculosis in school children during 11 years in New York, states that 
head-lice are the indirect cause of pyogenic infection, frequently leading 
to involvement of the lymphatic glands followed by suppuration; lice 
also indirectly cause impetigo contagiosa, dermatitis, furunculosis, 
eczema, and folliculitis. 

Pinkus (1915, pp. 239-241) describes similar sequelae to those men- 
tioned by Sobel, adding that some children suffer from head eczema 
throughout the winter, getting well in the summer, this being due to 
the lice that accumulate upon their heads in winter owing to their not 
being washed because of the cold. In summer the hair of the head is 
clipped short. The inflammation of the scalp may lead to falling out 
of the hair. 

Eye disease: de Font Réaulx (1912, pp. 385-387) regards head-lice 
as the cause of phlvctenular conjunctivitis, and cites numerous authors 
in support of his contention. Hudson (1914, p. 966) states that a 
common form of eye-disease, phlyctenular keratitis, prevails among 
Board School children, causing much suffering and corneal scars with 
resultant disabilities. He refers severer cases primarily to head-lice, 
infective material being conveyed from the scalp to the eyes by the 
hands. Improvement, he states, frequently follows the treatment of 
the head for lice, and anti-louse measures, clipping boys’ hair short, etc., 
are obviously indicated. 

Some experiments with pyogenic bacteria, carried out by Widmann 
(28. rx. 1915, pp. 1336-8), may be mentioned here. This author succeeded 
in making lice bite mice in which he had produced Pneumococcus 
septicaemia. He failed to infect a clean mouse by allowing 18 lice to 
bite it 10 hours after they had fed upon infected mouse blood. The 
louse dejecta were infective during the first 24 hours. The cocci were 
confined to the intestinal tract of the louse and they did not multiply 


therein but decreased after 48 hours, and after 60 hours microscopic 
and cultural examinations gave negative results. He also failed to 
transmit Staphylococcus septicaemia by repeated louse bites during 24 
hours after the insects had sucked infected blood; a few living cocci 
were recovered from the louse excreta after 60 hours but not later. 
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IV. SOME OTHER PATHOLOGICAL EFFECTS ATTRIBUTED 
TO LICE. 


The penetration of lice beneath the skin. . That lice may occur 
beneath the skin is contested by Hebra, but Rust, Forestus, Schenck, 
Wilmot, Clocquet and others state that lice do occur in this situation. 
Landois (1865, pp. 501-502) supposed that the lice bored themselves 
into the skin by their “suckers,” and mentions how the jigger, mites, 
etc., are occasionally found in a similar situation. The supposition 
of Landois is erroneous, for lice possess no suckers and cannot be com- 
pared to jiggers and mites. He quotes Kurz (1832, p. 99) verbatim; 
this author describes the case of a poor anaemic woman in Vienna, 
who suffered from rapidly forming swellings, which, on bursting, freed 
innumerable lice. Landois cites a similar case of a Pole, described by 
Gaulke. In this instance the lice occurred in large numbers and had 
‘bored themselves into the skin,” giving rise to “covered louse-ulcers,”’ 
which, on opening, liberated the contained lice. Kurz also described 
the case of a Corsican woman who suffered from a cutaneous disease 
accompanied by serous discharge which formed scabs under which lice 
were present in large numbers. A number of similar cases are described 
in the older literature under the name of “Phthiriasis” or “ Liiuse- 
sucht,” the condition being regarded as a specific disease due to lice. 
Alt attributed the affection to a distinct species of louse (P. tabescen- 
tium Alt 1824), but he was mistaken, for the insect he described was 
merely the body-louse occurring in excessive numbers. Murray (1861) 
described a somewhat similar case. 

That the irritation produced by lice may lead to various cutaneous 
lesions, has already been mentioned, violent scratching can accomplish 
a good deal and doubtless the effects here described may be attributed 
in part to the lice alone and partly to secondary invasion of the tissues 
with various microorganisms. As stated, Hebra denied that lice 
could occur beneath the skin, but it may be a rare occurrence which 
that distinguished dermatologist had no occasion to observe. Railliet 
(1895, p. 828) has seen Haematopinus form real subepidermal nests in 
an old horse. 

Prurigo senilis, Urticaria, Eczema and Porrigo. Nettleship (1869, 
p. 435), Squire (1869, p. 549) and Hebra whom he cites, as well as an 
Editorial (1869, p. 612), referred prurigo senilis to the presence of lice. 
Nettleship found body- or head-lice present in 52 out of 55 cases. No 
relation existed between the number of lice upon the person and the 
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amount of irritation produced. In 48 cases the lice were found upon 
the clothing, in 16 cases.upon the head and clothing. The Editorial 
also refers some cases of urticaria and most cases of porrigo of young 
persons’ heads to the presence of lice and suggests the name “Pedi- 
cularia”’ for diseases caused by lice. 

It is difficult to know how much to attribute to the primary effects 
of lice and how much to secondary effects due to a number of different 
causes. Head-lice may produce urticaria, eczema and pustular derma- 
titis, the first two of these being probably primary effects due to the 
lice themselves and their secretions. In the previous section, refer- 
ence was made to a condition which Salomon (1912) was inclined to 
attribute to the primary effects of lice that have been crushed upon 
the skin of the fingers and head. 

Peacock (1916, p. 44) refers to “louse rash” as being distressingly 
common among the British troops. 

Plica polonica. As a result of the eczema or pustular dermatitis 
accompanying the presence of lice upon the scalp, the exudation from 
the skin leads to the formation of scabs and crusts, especially about 
the nape of the neck. In bad cases that are neglected the condition 
known as plica polonica may supervene; wherein the hair, scabs and 
crusts become matted together in a solid mass at the back of the head. 
The name plica polonica had its origin from the condition having been 
frequently observed among the poor Jewish population of Poland. 


V. PRIMARY EFFECTS OF LOUSE-INFESTATION. 


In persons who are infested by lice, the presence of the insects is 
at once indicated by the reaction which usually takes place about 
the seat of the bite. The bites produce minute haemorrhagic spots 
that are chiefly disseminated over the neck, back and abdomen. 
These spots are accompanied by more or less urticaria, the iching 
leading to scratching so that the skin appears scored in a linear manner 
by the fingers. In tramps, chronic drunkards and vagabonds who 
may harbour lice for years, the skin over the most frequently bitten 
areas becomes rough, thickened and deeply pigmented, the condition 
being known as morbus errorum or vagabonds’ disease. Pediculosis 
alone may at times produce fever, which has been attributed to the 
cutaneous irritation and possibly to the toxic action of numerous 
louse-bites. 

The melanodermia or skin pigmentation above mentioned, in marked 
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cases, may extend to the mucous membranes, being visible in the mouth. 
This pigmentation has at times led to a false diagnosis, the condition 
having been mistaken for Addison’s disease. As pointed out in an 
Editorial (1905, p. 234), there should be no difficulty in distinguishing 
the two conditions. In grave pediculosis there may be extensive skin 
maculae, but in Addison’s disease the pigmentation occurs in skin 
regions that are rich in natural pigment; there are no pedicular macules 
on the mucous membrane; there are no pediculi present. Malcolm 
Morris (1911, p. 158) also notes the different distribution of the pig- 
mentation in Addison’s disease and the absence of the itching which 
characterizes pediculosis. Pediculosis can, moreover, be distinguished 
from scabies by the absence of lesions upon the hands and wrists. 
Pediculosis and scabies have frequently occurred together, especially 
in the course of the present war. In pediculosis the hands, forearms 
(and feet) are unaffected. The melanodermia is most marked between 
the scapulae. 

Body-lice attack infested persons chiefly at night or while at rest. 
They cause a great deal of discomfort and sleeplessness. Apart from 
the itching due to the effects of the bites and their contact with the 
clothing, especially when the body is warm, much of the discomfort 
is attributable to the insects crawling about upon the person. 
The continued restlessness and lack of sleep may induce considerable 
irritability, and children, as noted by Sobel (1913), may become 
anaemic and so run down that their school attendance is much curtailed. 
Pediculosis is a sore trial to soldiers, as all who have had personal ex- 
perience will testify. 

The immediate effect of the bite varies in different persons, as is well 
known to those who have investigated the subject. This corresponds 
with what has been observed with regard to the bites of fleas, bedbugs, 
mosquitoes and other insects. Some persons state they have a “sen- 
sitive skin” and others that they are indifferent to the presence of lice. 

Different effects are attributed to louse-bite by various authors: 
Castellani and Chalmers (1913, p. 1578) state that after the bite 
has been inflicted, blood flows into the puncture and coagulates, a 
minute papule forms and is accompanied by much pruritus, leading 
to scratching. Sikora (vit. 1915, p. 531) denies that the bite causes 
itching, the author having been bitten about 4,000 times during three 
months in the course of experimental work. She reports that only about 
one out of ten lice produces a sensation like the prick of a fine needle 
when biting; itching only supervened when about 34 young larvae were 
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fed upon an area measuring 1-5 cm. across on the back of the hand; 
no itching followed when they bit above the ankle. The small red areas 
about the puncture had mostly disappeared within half an hour. 
Swellengrebel (1916), who allowed lice to bite his arm, observed a slight 
hyperaemia lasting an hour at the seat of the bite, there being no 
itching. If, however, he crushed the louse whilst it was feeding, 
the spot became reddened, oedematous, itchy, and slight necrosis of 
tissue took place, the spot being visible for 14 days. He ascribed the 
bad effects attributed to louse bite to the crushing of the insects and 
the scratching of the part. Bacot (11. 1917, p. 235) reported that louse- 
bites produced more irritation on his person than did the bites of fleas 
and bedbugs; he attributed the effect of the bite to the insect’s saliva. 

In this connection I may cite my own experience when raising 
capitis by the wristlet method. I had previously, on repeated occasions, 
allowed a few corporis to bite me and had obsetved only transitory 
effects on my arm, the small congested areas about the seat of the bite 
usually disappearing within half an hour or an hour. 

My Laboratory Assistant’s arm having become so irritated from 
feeding many lice that the itching disturbed his sleep, I took over a 
wristlet (10. v1. 17) in which larvae had begun to emerge a day or two 
previously and undertook to raise 100 of the insects to maturity, this 
being duly accomplished. Only transitory effects were observed 
whilst the larvae were small, but shortly after the first adults emerged 
the bites began to produce more lasting effects. I nevertheless con- 
tinued to feed the insects on my wrist, the position of the box being 
shifted about every 12 hours. As, however, the irritation continued 
and increased, and the tendency to scratch the bitten arm became 
difficult to control, I finally shifted the wristlet to the knee on 26. v1. 17. 
Here the bites produced similar effects to those on the arm. 

The accompanying illustration (Plate I) depicts the inner surface 
of the forearm as it appeared six days after the last use of the arm as 
a feeding ground. The irritation had already begun to subside. The 
arm shows three patches (A, B, C) where bites had been inflicted. At 
(A) the bites form a circular pattern due to the lice having fed but once 
through the floor of the box, the latter not having shifted during the 
feeding period, at (B) at least two feedings occurred, the feeding areas 
overlapping, whilst at (C) a succession of about six feedings took place. 
At (A) the louse rash appears as a number of discrete conical elevations 
or papules, a few being confluent; these elevations were best seen by 


oblique light and could be felt by running the hand over the arm; the 
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Illustrating the after effects of the bites of head-lice upon the author’s arm 
(For description refer to p. 72.) . 
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centre of each papule was congested and it was surrounded by a small 
pink halo; each papule arose from a separate bite’. At (C) the whole area 
appeared fairly sharply defined, reddened, and dotted over with slightly 
darker nodular elevations, the skin feeling roughened and markedly 
thickened; it itched a good deal for several days. On stretching the 
skin a yellowish-brown discoloration was observable at the seat of each 
bite and over the whole area at (C). By 16. vit. 17, all traces of the 
bites at (A) had disappeared, at (B) there was still some discoloration 
and roughness. At (C) the incipient melanodermia gradually faded 
away but faint traces persisted until 28. vit. 17, it had lasted a month; 
slight thickening of the skin was still observable on 16. vii. 17. 

My Laboratory Assistant’s arm, which has been used as feeding 
ground for months, shows well-marked diffuse bronzing over the whole 
surface on which the lice have fed. It will doubtless take longer for 
the bronzing to disappear than in my case. 

Hase (x1. 1915, pp. 153-163), who studied the effects of lice on 
behalf of the War Office in Germany, reports upon some suggestive 
observations he made. He states that he questioned 1,000 persons on 
the subject, and that he was able to place them under four groups: 
(1) persons who are not attacked by lice, (2) who are attacked con- 
tinuously and are sensitive to bites, (3) who, after suffering much from 
bites become immune to their effects, and (4) those who have been 
bitten continuously but do not suffer from the effects. Groups (3) 
and (4) he regards as dangerous “carriers,” since they do not complain. 
The prevalence of lice among Russian civilians, and the marked toler- 
ance shown by them to louse-infestation, is regarded by Hase as doubt- 
less due to a process of immunization commencing in childhood. The 
author gives no figures as to the relative numbers of persons in each of 
the groups he distinguished. He mentions the cases of (1) a man who 
remained untouched by lice but who suffered from fleas, (2) a man who 
suffered from the effects of lice and fleas, and (3) a man who was bitten 
by lice but avoided by fleas. 

That a tolerance to the presence of lice upon the person can be 
acquired in a relatively short time by some individuals, is evident from 
what a number of soldiers have told me. They have stated that after 
having been tormented for about a couple of months they no longer 
experienced any particular discomfort from the insects they har- 
boured. 

1 The adults were removed as they emerged, therefore there were fewer bites inflicted 


toward the end of the experiment. 
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VI. NOTE ON THE PRESENCE OF ANTICOAGULINS IN THE 
SALIVARY GLANDS OF P. HUMANUS. 


That anticoagulins are present in the salivary glands of lice was 
demonstrated by the following experiments conducted with clothes-lice 
received in May, 1916, from Dr Hamer in London. The method 
pursued was that described by Nuttall and Strickland in connection 
with similar experiments made on Argas persicus (see Parasitology, 
1. 305). The salivary glands of the lice were dissected out and rubbed 
up in a minimum quantity of salt solution to which was added an equal 
volume of blood drawn up into a capillary tube from the pricked 
finger-tip. The blood and gland extract were mixed and placed in 
capillary tubes at 14° C. 


Expt. I. Blood + glands of 4 lice 
(2 tubes) coagulated after 40 min- 


utes. Control showed coagulation in 12 minutes. 
Expt. II. Blood + glands of 4 lice 
(2 tubes) coagulated in 60 minutes. Control showed coagulation in 15 minutes. 


SUMMARY AND CONCLUSIONS. 


The term Pediculosis denotes the pathological condition brought 
about by infestation with Pediculus humanus, either the head or the 
body or both of these being affected. Pediculosis may lead directly 
or indirectly to secondary infections of various kinds. P. humanus 
(corporis and capitis) has been shown to be the carrier of two im- 
portant diseases affecting man, namely typhus and relapsing fever. 


Typhus fever. 


The earlier evidence which is cited regarding the epidemiology of 
typhus, is all in accord with the discoveries proving that P. humanus 
conveys the disease and is the sole agent in its spread?. 

The geographical distribution of typhus is more restricted than that 


1 Zlatgoroff (in F. Kraus and T. Brugsch’s Spez. Pathol. u. Therap. inner. Krankh. 
11. 682; cited by Eysell, rv. 1915, p. 238) is reported as stating that naked negroes on slave 
ships escaped typhus although they suffered much from other diseases. I have been 
unable to verify the reference, but as a piece of epidemiological evidence it is worth men- 


tioning. 
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of P. humanus, the disease being confined essentially to cool and tem- 
perate climates!. 

The virus of typhus occurs in the blood of affected individuals. 
Blood collected on the 3-10th day of the attack has been found to be 
virulent. The evidence as to the nature of the virus is still contra- 
dictory. The virus can be maintained in undiminished virulence by 
passage through animals (chimpanzee, monkey, guinea-pig). 

Infection occurs through the bite of infective lice or through such 
lice being crushed upon the skin when the latter is scratched. Lice 
which have sucked blood containing the virus are capable of producing 
infection during 7-11 days after they have infected themselves. If such 
lice are crushed 9-10 days after an infective feed, or if their faeces are 
collected 3-6 days after they have fed on infective blood, their contents 
and faeces respectively are capable of producing infection if placed upon 
the excoriated skin. It has not been determined how long lice remain 
infective when once contaminated. The evidence regarding the here- 
ditary transmission of the virus in the louse is contradictory. 

Lice are invariably present in connection with typhus outbreaks. 
The destruction of lice upon a typhus patient renders him innocuous. 
The prophylaxis of typhus consists in louse destruction. Bedbugs 
and fleas do not convey the disease. 

Recent experience is in agreement with observations, dating from 
1739, in respect to the occurrence of typhus and relapsing fever side by 
side in epidemic form. 

Relapsing fever. 

Epidemiological evidence, as in the case of typhus, points to relapsing 
fever being louse-transmitted. The two diseases occur under like con- 
ditions: personal filth and squalor, the close contact of persons through 
overcrowding, facilities being offered for the propagation of lice by the 
continuous wearing of clothing day and night for weeks or months 
on end. All recently collected evidence (from India, North Africa, 


1 This appears to me to be due to the relatively restricted number of lice present on 
the populations of warm countries owing to the insects being largely confined to the head, 
the light garments or slight clothing worn affording unsuitable conditions for a con- 
siderable propagation of lice upon the bodys and the high temperature to which they are 
exposed in proximity to the body in warm countries affecting the body-lice adversely. 
The louse population per man is usually much greater when the body is infested than 
when the head is affected, and the chances of lice finding a fresh host are greater among 
heavily clothed populations. The factor of temperature and its possible influence on the 
virus in the louse must likewise be taken into account. (See under Biology of Pediculus 
humanus pp. 80 et seq.) 








76 Lice and Disease 


Germany, Russia and Serbia) proves that lice are constantly present 
on infected persons. These remarks apply equally to typhus, which, 
as already stated, may coexist with relapsing fever in epidemic form. 
Judging from the accessible records, relapsing fever appears to be 
somewhat more restricted than typhus in its geographical distribution. 
It has been conclusively demonstrated by carefully conducted experi- 
ments that Pediculus humanus serves as a carrier of Spirochaeta 
recurrentis the causative agent, from man to man!. 

When lice imbibe infected blood, the spirochaetes disappear rapidly 
from their alimentary canal and are not discoverable even by the 
ultra-microscope for a period of about 2-6 days after the insects have fed. 
The spirochaetes reappear in the coelomic fluid of the lice usually on 
the 8-9th day. They at first appear small, but, as time proceeds, they 
attain the dimensions and appearance they possess in human blood 
during the attack. When lice feed on infective blood, the number of 
insects that become infected with spirochaetes ranges from 10 to 42 %. 
The spirochaetes are hereditarily transmitted in the louse, for the off- 
spring of an infected female has been shown to be infective. This 
persistence of the spirochaetes in the louse no doubt serves to maintain 
them in nature. It has only been through the successful raising of lice 
under laboratory conditions, coupled with the use of monkevs and 
occasionally man for infection experiments, that it has been possible 
to demonstrate the phenomena herein described. 

Although lice may be infective for a few hours after they feed on 
relapsing fever blood, it is probable that infection will rarely occur by 
their transference from man to man soon after feeding. When a louse 
has fed, it usually remains quiet, whilst digesting its meal. When 
lice have hungered for any length of time, as we have frequently observed, 
they feed to excess and take a longer time to digest the large amount 
of blood imbibed. If such lice are kept cold the process of digestion is 
impeded, and I have no doubt that any spirochaetes which they may 
harbour will remain virulent for longer periods, as I found was the case 
in bugs (see footnote 2, p. 60). How long gorged lice may remain 
infective at a low temperature remains to be determined. The experi- 
ments herein recorded point, however, to a rapid loss of infectivity in 


1 Tépfer (31. x. 1916, p. 1571) has the temerity to state that the work of Sergent, 
Nicolle, and their colleagues, is not “‘einwandsfrei.” He then proceeds to repeat their 
work. A few comparatively trivial experiments are described which are merely con- 
firmatory, but in his opinion (!) afford the first demonstration that lice convey relapsing 
fever. ‘l6pfer’s behaviour in this matter, flatly speaking, is thoroughly dishonest. 
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lice under ordinary conditions prevailing after an infective meal. 
The spirochaetes vanish in lice in which they subsequently reappear. 
Just before their reappearance, usually on the sixth day, but at times 
on the third to the fifteenth day, the lice have been found to be most 
infective. The infectivity of the louse does not depend upon the 
presence in its body of visible spirochaetes, in fact when spirochaetes 
reappear and attain their full size the lice are non-infective (Nicolle). 
This, coupled with the observation that human blood is infective during 
the apyrexial stage when spirochaetes cannot be found in the blood 
(Sergent and Foley), certainly bears out the view which I have upheld 
with others, that spirochaetes are Protozoa, for they obviously undergo 
a cyclical development in both the vertebrate and arthropod hosts. 
Nicolle advances the view that the typical spirochaete is incapable 
of multiplication or that it rarely divides, and that multiplication and 
consequent infectivity are entirely or largely confined to the minute 
forms which may coincide with the “coccoid bodies” of some authors, 
assuming that they are not ultramicroscopic. 

It has been proved that lice do not convey relapsing fever by their 
bites. As Nicolle and his colleagues have shown, persons may be bitten 
many thousands of times by infective lice with impunity. Infection 
takes place through the lice being crushed upon the skin which is 
commonly excoriated by the self-inflicted scratches of the individual 
harbouring the lice. Infective material may, moreover, be carried on 
the fingers to the nose or eye, and it has been demonstrated experi- 
mentally that the spirochaete is capable of invading the system through 
intact mucous membranes. 

The period of incubation, under experimental conditions, as observed 
in man and monkeys following infection through the excoriated skin 
or intact mucous membrane, is 6-8 days, when crushed lice in the 
infective stage are used. This corresponds with clinical experience. 
A single infective louse, crushed upon the excoriated skin, has produced 
relapsing fever. Persons have been experimentally infected by placing 
infected lice upon their persons without their knowledge. Happily 
for these subjects and for the experimenters who intentionally infected 
themselves, the course of the disease can be cut short by the arsenical 
treatment discovered by Ehrlich. 
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Miscellaneous infective diseases which lice may spread. 


It is reasonable to suppose that plague may occasionally be con- 
veyed through the agency of infected lice that are crushed upon the 
person, the bacilli, recently ingested by the insects, entering through 
the excoriated skin. 

Mycotie or pyogenic infections like favus, pityriasis, impetigo con- 
tagiosa, furunculosis and more generalized suppurative processes, may 
be spread by lice acting as mechanical carriers, the microorganisms 
perhaps merely clinging with the aid of pathological exudations to the 
outer surface of the insects. The irritation and consequent scratching 
induced by lice lead to the dissemination of the disease agents upon 
the person, the latter spreading the infection by auto-inoculation of 
the excoriated skin. 

Various pathological conditions, other than those above mentioned, 
are cited as being attributed to the presence of lice; a number of these 
are referable to secondary infective agents, coupled with the general 
lowering of the infested individual’s vitality induced by pediculosis. 


Primary effects of infestation with lice. 


In biting, as I have found by tests upon my arm, the louse produces 
a slight transitory pricking sensation or no sensation whatever; it is 
only after an appreciable interval that the seat of the bite begins to 
itch, this being after the louse has left. The reaction at the seat of 
the bite varies considerably in degree, it may be so slight as to be 
negligible or it may cause much itching. In the first case a minute 
congested spot is visible at the point bitten; the redness about the 
puncture may vanish in about half-an-hour or it may persist longer. 
In the second case a variable degree of oedematous swelling surrounds 
the puncture and forms a papule accompanied by pruritus. When 
bites are repeatedly inflicted on the same spot the papules coalesce, 
the skin becomes roughened, reddened, thickened, and more or less 
pigmented. The effect of the bites of individual lice varies even when 
they are allowed to feed without interruption. The amount of reaction 
following louse-bite varies in different persons. As the result of being 
frequently bitten, some persons acquire immunity to the effects of the 
salivary secretion of the louse, the secretion having, as evidenced by 
the reaction, some degree of toxicity. I have found that the secretions 
of the two sets of salivary glands of the louse (the reniform and con- 
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voluted glands) contain a substance which retards the coagulation of 


the blood. 


The urticaria, eczema, and cutaneous pigmentation extending at 


times to the mucous membrane, are primary effects due to pediculosis 
alone. 
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INTRODUCTION}. 

In the following account of the biology of Pediculus humanus, 
I have sought to bring together all that could be gathered from the 
publications of the many authors who have occupied themselves more 
or less with these insects, adding here and there my own observations. 
I have sought throughout to give credit where it is due and have not 
withheld criticism where it appeared necessary. 

Lice are insects which undergo an incomplete process of meta- 
morphosis, 7.e. they issue from the egg in an active form very similar, 
in essential particulars, to that of the adult. They are purely parasitic 
and live only on blood, P. humanus being a parasite of man and man 
only, its nearest related form occurring on monkeys. There are five 
stages in the life of the louse: (1) the nit or egg-stage, (2-4) the Ist, 
2nd and 3rd larval stages, (5) the adult stage. In passing from the Ist 
larval stage to that of the adult, it undergoes three successive moults, 
increasing in size at each successive stage. The six legs, in all stages, 
are provided with a single large, curved, sharply pointed terminal claw 
specially adapted to progression on hair; it possesses simple eyes and 
5-articled antennae; the mouthparts are adapted solely to the purpose 
of blood sucking. 


GEOGRAPHICAL DistRIBUTION. Human pediculi appear to occur in all 
parts of the world and on all races, but precise information is lacking, 
perhaps because lice are so universal. They are recorded from most 
parts of Europe, and by Murray (1861, p. 567) and a few other authors, 
from India, China, Africa, America and Australia. 

I possess, or have examined up to the present, specimens from the 
following extra-European countries, the specimens answering the 
standard description of head-lice and body-lice, but some showing 
variations rendering exact determination impossible. In the latter 
case they are attributed to capitis if found on the head, and to corporis 
if found on the body: 

Capitis: Africa: from Arabs, Algeria; from Dinkas, Anglo-Egyptian 
Sudan; from negroes, 8. Ashanti and Uganda. Asia: from Chinese, 


1 The investigations herein described were carried out at the request of the Local 
Government Board, the expenses entailed being partly met by grants from the Board. 

? With the exception of the matter contained in my previous paper: ‘On the copu- 
latory apparatus and process of copulation in Pediculus humanus,” Parasitology, 1x. 293- 
324. The anatomy and histology will be treated in a future paper which will include 
some details regarding the mechanism of feeding and process of digestion, etc., matters 
which cannot be dealt with conveniently here. 
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Tientsin, China; from Chinese pony (mixed with corporis, see p. 112), 
Szechuen, W. China; from Tamils, Malaya; from Persia; from natives, 
India. America: from Eskimos, Frobisher Bay, Baffinland (mixed 
with corporis); from natives, Mexico. 

Corporis: Africa: from Arabs and negro, Algeria; from negroes’ 
clothes, N. Nigeria; from natives’ axilla, the hair of the head, blankets, 
and from tame pig, Nyasaland; from natives’ clothes, Kibondo, Belgian 
Congo. Asia: from man and pony, Szechuen, W. China; from man, 
Wai-Hai-Wai, China; from Japanese, Yokohama. America: from the 
United States; from natives, Mexico; from East Indian, Turkeyen, 
British Guiana. 

As it is desirable to obtain further information regarding the distri- 
bution and variation in human lice, I shall be much indebted to any 
reader who will kindly supply exact data, if possible accompanied by 
specimens of lice (Phthirus pubis included) from different parts of the 
world. 

N.B. The names corporis (syn. vestimenti) and capitis are used in 
a descriptive sense only in this paper, body-lice and clothes-lice being 
regarded as at most merely racial forms of the species Pediculus 
humanus Linnaeus, for reasons that will be stated elsewhere. 


Part I. 
PREVALENCE AND MODES OF DISSEMINATION. 
Tue PREVALENCE OF LICE AMONGST THE PoorRER CLASSES. 


Under this heading, both Pediculus humanus and Phthirus pubis 
must be included because of the lack of classified statistics. Judging 
from memory of what I have seen in Mexico, and parts of Italy, and 
from random examinations made some years ago on a tour in Algeria, 
I am convinced that nowadays almost the whole poorer population 
in some countries is permanently infested with Pediculus. Historical 
evidence points to lousiness having been very general in all classes of 
European society in former times, but to-day it is largely confined to 
the poorer classes and to the soldiers in the field. 

Statistics regarding the prevalence of lice are only given in a few 
papers. Thus in the United States, Greenough (1888, cited by Blan- 
chard, 1890, p. 445) reports that of 15,551 patients admitted to hospital 
in Boston, Massachusetts, during the years 1878-1886, there were 
914 (5:5 °%) found to be verminous. In other towns in the United 
States and Canada, 1-5 to 3-3°% of the patients were verminous. 
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Figures from Germany are supplied by Kisskalt (13. v. 1915, p. 579), 
who records the monthly returns for January-December 1914, of the 
number of persons whose clothing required de-lousing! in the night 
refuges of Berlin. The refuges are under the direction of the Berliner 
Asvlverein fiir Obdachslose, and between 13,000 and 15,000 persons 
pass through the institutions per month; the refuges are well organized 
and had steam-sterilizers working regularly every night to destroy 
vermin when I visited them some twenty years ago. The proportion 
of admitted persons whose clothes had to be de-loused in 1914, according 
to Kisskalt, varied between 5-2 and 8-0 %; no seasonal incidence of 
pediculosis was observed, there being, for instance, 8 % in August and 


7-3 °% in January. 


Tue Retative Frequency oF INresTaTion wiTH DirFeREnT Lice. 

That capitis occurs more frequently on females than on males, 
and that the reverse holds to a certain extent for corporis, is shown by 
the figures of Greenough (1888, cited by Blanchard, 1890, p. 445), who 
classified 864 verminous patients admitted to hospital in Boston, 
Massachusetts : 


Capitis was found in 81 men and 419 women; (2. 500 times 
} 





( ‘or poris os a 196 - 141 - a aoe 
Ph. pubis ,, = 26 ~ y » wat 
Totals 303 561 864 


Tae GREATER PREVALENCE OF ('.1/7/7/S IN CHILDREN AND OLD PEOPLE. 

Children. Head-lice are particularly prevalent in children of school 
age, girls, because of their possessing long hair, being much more fre- 
quently infested than boys. 

In England, for instance, Raven (1907, p. 64) records the presence 
of capitis on 80 % of the girls arriving at a convalescent home at Broad- 
stairs, whilst an Editorial (1909, p. 1427) states that at Willesden, 
Lower Place Council School, 60°, of the girls required treatment for 
head-lice. 

Similar conditions are recorded from the United States; thus Greene 
(1898, p. 70) writes of a school in Boston, Massachusetts, visited by 
756 children, aged 6-16 years, of which about 50 were boys. Only 
200 of the children were free from nits, the remaining 74 °{ were in- 


‘ The word “de-lousing”’ requires no apology; it was needed as a specifie term in this 


war and it has come tostay. The French equivalent is dépouillage, the German Entlausung 
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fested: 234 (31 %) bore few nits, 269 (35-5 %%) had many, and 53 (7 %) 
harboured very many nits upon their heads. Of Kindergarten children, 
less than 50°, were infested, whereas five-sixths of the children aged 
6-12 and of the girls aged 12-16 were infested. The children not 
attending the Kindergarten are supposed to “take care” of their own 
hair; a dozen or more of these children showed eczema of the face or 
scalp and enlarged glands due to pediculosis. The negro children were 
mostly clean, this being attributed to the liberal use of vaseline or 
pomade for the purpose of keeping their hair parted; those whose hair 
was dry had the usual proportion of pediculi. 

Sobel (1913, pp. 656-664), in a valuable paper, based on eleven 
years’ experience of pediculosis in the schools of New York, states 
that roundly 22-23 °, of the children there are infested, some 150,000 
to 185,000 cases a year having been recorded during the vears 1909-1912 
in the public schools of New York. In six boys’ schools 1-5-6 %, 
in six girls’ schools 10-28 %, of the pupils were infested. As the result 
of monthly examinations and instruction, there had been a decline in 
the severity and sequelae of pediculosis if not in the number of cases. 
The examination takes place rapidly; the hair is raised and the occiput 
inspected for lice and nits, the girls being instructed to braid the hair 
at school, to unbraid and comb it at home. Sobel, like Greene in Boston, 
also records that negroes are less infested than whites, thus of 28,791 
children in 16 schools, 2579 were coloured (0-5 % lousy) and 26,212 
were white (16-5 % lousy). The homes of the negroes are mostly cleaner 
than those of alien whites, and negroes appear to take more care of 
their children’s hair. Dr W. L. Funkhouser, writing to Sobel, states that 
of 2600 children he examined in Rome, Georgia, 800 were coloured 
(0 lousy) and 1800 were white (33 lousy); he attributes this to the 
modern efforts to straighten the hair (to get rid of the kinks), many 
using hair cosmetics and spending much time in combing the hair. 
“They will neglect their bodies for their hair.” In pale, partly white, 
negroes whose hair is merely wavy or straight, lice are found more 
frequently. 

As Sobel correctly states, the occurrence of pediculosis capitis may 
be accidental but its continued presence is due to neglect. 

Old people, next to children, are most affected by head-lice. This 
is proved by wide experience in many countries, the aged tending to 
become more neglectful and uncleanly in their persons with advancing 
years, this being particularly noticeable among the indigent poor. 
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Tae Number oF Px£DICUL/ THAT MAY InFeEsT A PERSON. 
CoRPORIS. 

No enumerations have hitherto been made on highly infested persons. 
A medical friend, who attended confinement cases among the poorest 
classes in Edinburgh, once gave me a graphic description of the thousands 
of lice he beheld upon the body of a patient whose skin had a greyish 
colour owing to the huge numbers upon it. 

Hase (1915, p. 13), who enumerated the lice on a very verminous 
{ussian, was disappointed to find but 3800 in all stages of development, 
having expected a larger total. Peacock (1916, pp. 45-52) gives some 
interesting figures relating to British troops in the present war: of the 
infantrymen examined, 274 (95%) were infested with an average of 
20 lice per man after 6 months’ active service; about 5% harboured 
100-300 lice apiece. The number in some cases ranged from 168 to 
895 per man, and Peacock estimated that one shirt held 1355 lice and 
4260 nits, whilst another shirt contained no less than 10,428 lice and 
10,253- nits. To these cases I may add that in a shirt worn by an old 
woman on admittance to Lambeth Workhouse in June, 1915, we found 
ca. 600 lice in all stages coupled with innumerable nits (Lot 204). 


CAPITIS. 

The number of head-lice that may occur upon a person is enormous ; 
no enumerations have hitherto been made in heavily infested persons. 

In the case of a paralytic woman, aged 45, who was admitted to 
a Poor House Infirmary in May, 1917, and whose hair and vermin were 
removed in my presence, I enumerated the lice and found 1004 present 
of all stages (208 adults and 796 larvae), coupled with innumerable 
nits; in the opinion of the sister in attendance, the case represented 
a very mild degree of infestation compared to others that have been 
admitted to the same institution. The woman’s clothes harboured a 
few corporis (8 adults and some larvae) in addition. 

In June, 1917, Captain Orr of the Canadian Sanitary Corps, stationed 
in Surrey, sent me the pubic hair shaved from a soldier. The hair 
harboured 82 lice (76 adults and 6 larvae), 2544 unhatched and 2636 
hatched nits. The number of nits was estimated from a count made 
of one-quarter of the hair mass. The soldier was not infested with 


lice other than capitis. 
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SEASONAL VARIATION IN THE Numser oF Lice on Man. 


On the ground that typhus is chiefly a disease which prevails in 
camps in winter, Kisskalt (13. v. 1915, p. 379) concludes that its increase 
at this season cannot depend merely upon the numerical increase of 
lice, for no seasonal variation in the number of lice was observable in 
Berlin. Several authors have sought to attribute the increase of typhus 
to a corresponding augmentation in the numbers of lice in winter. 

Beginning with the year 1909, Dr W. H. Hamer, of the London 
County Council, conducted observations upon the prevalence of fleas, 
bugs and lice in the beds and bedding of common lodging-houses. The 
population of such houses is not stationary. Hamer’s report for 1910 
(p. 7, Diagram IV) illustrates the prevalence of the insects during the 
preceding year (1909). Inspectors examined the beds in 11 districts, 
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Fig. 1. Chart illustrating the variation in the percentage of louse-infested beds during 
the years 1909-1916, in London; the black columns represent the monthly records. 
The seasonal incidence is most clearly shown in 1909 and 1916. Curve constructed 
from data kindly supplied by Dr W. H. Hamer, of the London County Council. 


“ten beds being examined daily on five days out of seven making a 
total of 550 beds weekly.’ The sheets of each bed were carefully 
scrutinized for lice. The louse-infested beds ranged from a maximum 
of 31 % to a minimum of 12 % in the first weeks of February and June 
respectively. The beds were found most frequently verminous in 
January-February ;. few were found infested in April-June, after which 
the curve gradually rose, attaining a fairly high point in August—October. 
The autumn rise appears partly attributable to the return to London, 
on the approach of winter (Sept.—Oct.), of hop-pickers who are frequently 
verminous, tramps and others coming later. 

Dr Hamer has most kindly supplied me with data relating to the 
prevalence of lice in common lodging-house beds during the years 
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1909-1916, and the accompanying chart, which I have drawn, coniprises 
the records for the whole period 1909-1916, the percentage of infested 
beds being shown in monthly columns. Dr Hamer informs me that 
he attributes the remarkable fall in the curve since 1909 to the undoubted 
improvement in the condition of the beds consequent upon the increased 
attention directed to them as the result of his investigation. 

Hamer (1910, p. 7) refers the greater prevalence of body-lice in winter 
in London to the clothes being less frequently changed and washed at 
this season. Sergent and Foley (vi. 1910, pp. 337-373) observed a 
similar increase of lice during winter in Algeria, when the indigenous 
population wear their clothes continuously for weeks, few lice being 
found on their persons in summer when light clothes are worn, the 
children wearing hardly more than a shirt. Miiller (1915, p. 53), in 
Austria, refers the increase of lice in winter to woollen clothes being 
more suited to lice than lighter fabrics. Klemperer and Zinn (1. 1915, 
p. 324), in Germany, attribute the subsidence of typhus in summer to 
the effect of heat in killing off the lice, probably basing their statement 
upon the observations of Anderson and Goldberger in Mexico (see 
p. 90). Hase (x1. 1915, pp. 160-163) attributes the much lessened 
prevalence of lice in the German army, during the preceding summer, 
to three causes having been in operation: (a) the heat, (b) increased 
personal cleanliness, and (c) greater experience in dealing with lice; 
he states (p. 158) that lice are more frequently encountered on the 
outer garments in warm weather. An increase of pediculosis capitis 
in winter has been observed in children by Pinkus (1915, pp. 239-241) 
owing to the hair being allowed to grow and its not being washed 
because of the cold (see the section on lice and disease, p. 68). 

From the foregoing evidence, we may regard it as established that 
there is an increase in the louse population in the winter months and a 
decrease in summer. Kisskalt’s figures (p. 87), showing that there is 
no special difference in the number of verminous persons admitted to 
Berlin refuges in winter and summer, do not disprove this general 
conclusion, since they fail to take into account the probably increased 
louse population per man and relate but to a very limited class of 
persons. 

Leeuwenhoek (ed. 1807, p. 163) already noted that lice particularly 
trouble those who cannot change their apparel frequently; such 
persons are necessarily unclean. It is a matter of common knowledge 


that the poorer classes are more prone to wear their clothing continuously 
and that they are more unclean in winter than in summer. During 
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the present war, the incidence of lice on troops who could not perforce 
change their clothing except at long intervals, and who could not keep 
themselves clean, proves how important these factors are in relation 
to the incidence of pediculosis. Moreover, in winter, in normal times, 
people congregate more in houses, and the chances of infestation spread- 
ing are greater because of increased personal contact and the increased 
shedding of lice by the more heavily infested individuals. In summer 
the clothing is lighter, either fewer garments are worn or they are of 
lighter material, people huddle together less, clothing is more often 
changed, and there is more personal cleanliness. 

Apart from the factors above mentioned, which may influence the 
seasonal prevalence of lice on man, the climatic conditions prevailing in 
clothing deserve mention. Rubner!, who uses the word “Kleidungs- 
klima,” writes of it only in relation to man, but it is of equal importance 
to the louse. The temperature of the skin, when comfortably clothed, 
usually ranges, according to Rubner, between 30° and 32°C., the air 
temperature between succeeding layers of clothing falling toward the 
exterior, being lowest in the outside layer. The nearer the skin, the 
higher the temperature and the drier the air; the air is very dry near 
the body, and it is more charged with water in the outer layers of clothing 
in proportion as the air grows cooler. 

In the heat of summer, there is an increased amount of moisture 
given off from the skin, and with or without physical labour, there may 
be so much watery vapour given off as to render the innermost atmo- 
spheric layer almost or completely saturated, condensation taking place 
upon the clothing so that it becomes wet, with the consequence that 
the temperature of the skin rises. It has been observed in febrile 
conditions, that lice wander away from the host, and moreover, lice 
have been observed more frequently upon the outer garments in summer. 
Evidently the overheated body-surface and the excessive moisture are 
uncongenial to lice. Needless to say, active perspiration would lead 
to their being flooded out or driven away, especially from their usual 
haunts where the clothing lies most closely applied to the body-surface. 
It is these parts of the clothing that become wettest when active per- 
spiration sets in. It appears to me a fair hypothesis, therefore, that 
the climatic conditions prevailing in clothing in summer are on the 
whole less suited to the body-louse than in winter. This hypothesis 
is, moreover, borne out by the following evidence. 

That a few degrees higher temperature than that normally found 


2 Rubner, M. (1911), “Die Kleidung” in Handbuch der Hygiene, 1. 600-606. 
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in clothing near the surface of the body is deleterious to corporis 
is shown, for instance, -by the fall in the number of eggs that hatch at 
37° C. (ca. 54%) as compared to 30°C. (ca. 70 %) in the thermostat 
(see p. 152). 

I have, however, obtained striking evidence of the deleterious effect 
of a slight increase of warmth on lice maintained on the person by the 
wristlet method (p. 107). Whilst raising capiis, a number of adults 
died prematurely, their early death being attributed to the advent of 
warm weather (p. 132). The heat was sufficient to cause me some dis- 
comfort at night. The wristlet, worn on the arm or knee, was covered 
by bedclothes and it was noticed that the adults on warm nights in- 
variably wandered to the chiffon beneath -the lid of the box, the tem- 
perature near the body accompanied by slight perspiration evidently 
beiyg unpleasant to them. The lice wece found dead in the box 
especially after warm nights. The effect of the excessive warmth in 
bed not only affected the adults, it increased the mortality among the 
hatching larvae to 27 %, whereas previously the mortality had only 
been 2 %,. 


INFLUENCE OF CLIMATE ON LICE. 


Anderson and Goldberger (11. 1910, p. 183), who studied typhus 
fever in Mexico, observed cases on the Plateau at an altitude of 
1500-1800 metres or more. The disease does not occur at lower 
altitudes. On enquiry, they found that body-lice are practically 
unknown at Tampico (Coast of Gulf of Mexico, subtropical) though 
head-lice are common. This is “so well known among the natives 
that when peons from the plateau, in search of work, arrived infested 
with body-lice, they declined to take any special measures for the 
destruction of the parasites on the ground that lice could not live there 
more than a few days, and such he (Dr Rolph, the authors’ informant) 
actually found to be the case.” 

Apart from the higher temperature and increased atmospheric 
humidity prevalent at lower altitudes in Mexico, the slight rise of body 
temperature, amounting to about 0-5-1-0° C., which may occur, accord- 
ing to Plehn, in persons on first going from a cold to a hot country, 
may also contribute to rendering the proximity to man unpleasant, 
thus driving the lice to the outer clothing, starvation and death. This 


foe) 


appears to me worth mentioning in referring to the observation above 
described. 
It would be of interest to know if similar evidence to that emanating 
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from Mexico is forthcoming from other parts of the globe. I have noted 
elsewhere (p. 82) the occurrence of body-lice in the tropics. Mr 
F. M, Howlett informs me that corporis occurs in colder parts of India 
and capitis both in cold and hot parts, but the distribution of lice 
requires to be studied before a decided opinion can be expressed. 


Tue DistrisuTion oF CORPORIS UPON Man’s CLoTHING AND Person. 


It is commonly stated that corporis is confined to the clothing, 
chiefly the underwear, that it lays its eggs solely on clothing and only 
goes upon the body to feed. Of recent authors, Pinkus (1915, p. 239), 
Fasal (1915, p. 225), and Sergent and Foley (v1. 1915, p. 378), may be 
cited as expressing this view, although Fasal adds, that if an infested 
man is stripped rapidly, lice are occasionally found on his body. We 
shall see that this view is incorrect, for corporis occurs on the body and 
it may oviposit upon the body hair. 

In considering the distribution of pediculi upon the person and 
clothing, it is well to bear in mind that lice possess very active locomotory 
powers. I have seen a female corporis travel at the rate of 1 metre 
in under 3 minutes across sateen (see p. 100), and it is evident that 
they can run a distance equal to the length of a man’s body in a few 
minutes. This activity of lice should not be obscured by their marked 
tendency to haunt or assemble on particular parts of the clothing or 
person. 

We shall first consider the distribution of corporis upon the clothing 
of infested persons. 


DISTRIBUTION UPON THE CLOTHING. 

Railliet (1895, p. 827) states that corporis mainly infests the clothing 
that is closely applied to the body, i.e. on the back of the neck, shoulders, 
lumbar region, waist, wrists, thighs and external surface of the buttocks. 

Legendre (1915, p. 280), writing from experience with French 
soldiers in the present war, states that most adult lice are found on the 
underclothes in contact with the body, a certain number occur on the 
outer garments where the nits are specially found; nits are rare on 
underclothes but, numerous inside the tunic, trousers and neckcloth- 
folds, whereas there are few in puttees and usually none in the cap. 

In connection with German soldiers, Uhlenhuth (1915, p. 533) 
states that he has seen lice on soldiers’ suspenders and at the entrance 
to the trousers’ pocket; Hase (x1. 1915, p. 158) notes that lice often 
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occur on the outer garments in warm weather; Trappe (1915, p. 1266) 
states that the nits are chiefly found inside the collar; in trousers about 
the waistband, seams and fork, whilst many are discoverable beneath 
the lining. 

Although precise statements are lacking regarding the distribution 
of lice upon the clothing of British soldiers, I gather that the condition 
is much the same as that described by Legendre in French troops, 
with the addition of the Scotch kilt which has become a notorious 
depository for nits, its many folds, accessible only to lice, affording an 
ideal place for peaceful oviposition; outer garments, made of fur, 
may also become heavily infested. The statement of Peacock (1916, 
pp. 45 et seq.) that clean shirts, issued to troops in the trenches, attained 
the usual degree of lousiness in two days, the lice migrating thither 
from the trousers, indicates already that the shirts showed most lice 
and that the necessity of de-lousing other garments was not at first 
recognized by those in authority. The renewal of one garment like a 
shirt is clearly of little avail if all the other clothing remains infested. 
German soldiers told Hase (x1. 1915, p. 158) that they preferred keeping 
on their dirty old greasy underclothes because these were a better 
safeguard than clean ones, stating that “if one puts on a clean shirt 
the lice are there at once.” 

If necklaces may be classed as clothing, it may be mentioned here 
that Brumpt (1910, p. 550) has seen large numbers of corporis upon the 
necklaces of naked aborigines in Africa. 


DISTRIBUTION OF CORPORIS UPON THE BODY. 


Although, as previously stated, it has been denied that corporis may 
live upon the body and deposit its eggs upon human hair, there is 
clear evidence to the contrary. I am convinced that nits will be found 
much more frequently upon the body hair if inspection is made less casually. 
The nits upon the body hair are inconspicuous objects and may well 
escape notice. The matter is of considerable practical importance in 
its bearing on the efficacy of measures directed against lice, for the 
measures may be vitiated if lice and nits remaining on the body are 
not considered. I have seen corporis upon the hair of the breast and 
axilla. The evidence of the following authors, moreover, appears 
conclusive : 

Nysten (1858, p. 1180) states that in cases of heavy infestation, 


corporis oviposits on the body hair, mainly on that of the chest and arm- 
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pits. Girard (1885, p. 1084) writes that lice occur in these situations 
and upon the hair of the legs, besides in the clothing and its seams; 
he cites some of the well-known instances of so-called phthiriasis or 
‘maladie pédiculaire” in which corporis has been seen to occur in vast 
numbers upon the body (see p. 69). Boral (1915, p. 645) cites Flusset 
of the Military Hospital at Mihrisch-Weisskirchen, to the effect that 
they shave all patients there because corporis nits occur on the pubic 
and axillary hair. Brauer (1915, pp. 561-562), in Germany, writes 
that contrary to what is stated in the text-books, corporis does occur 
on the body; he attributes to this the failure of prophylactic measures 
directed solely against lice in clothing. He states that most people 
harbouring these lice in their clothing have lice also on their bodies; 
at times large numbers of their nits are found on the hair of the pubic, 
peri-anal and axillary regions, and he has seen the nits on the hair of 
the thigh and leg. He saw corporis (not Phthirus pubis) hatch from 
such nits, and concludes that prevailing conceptions regarding the habits 
of so-called clothes-lice will have to be altered. + Miiller (1915, p. 52), 
in Austria, like Brauer, has found nits upon the hair of the pubis and 
axilla. Finally Heymann (18. vi. 1915, p. 304) states that in severe 
infestations corporis occurs all over the body and clothing, citing Hase 
and a personal communication to this effect from Wodermann. In 
the note on the geographical distribution of corporis (see p. 83) I have 
already mentioned specimens collected from the axilla and the hair of 
the head of negroes in Africa. 

Apart from the last mentioned instance, there are no cases apparently 
recorded of the occurrence of corporis upon the hair of the head. Denny 
(1842, p. 17) never saw or heard of a case and | can find no record of 
a similar case in the literature. There seems to me no valid reason 
why they should not occasionally invade the province of capitis and 
they may be found more frequently on careful examination. 

The foregoing instances of the parasitism of corporis upon the body 
should suffice to convince the reader, since they emanate from indepen- 
dent eye-witnesses. It will doubtless take some years before the fact 
is mentioned in text-books, some of which appear to take pains to 
perpetuate errors, merely because the authors will not consult original 


sources. 
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Tue DistriputTion oF (17/718 oN Man’s Bopy. 


As a rule capilis oceurs on the head, mostly about the occiput and 
about the ears (see Plate II], and its legend). A number of authors 
state that it only occurs upon the head, but this is incorrect. Pinkus 
(1915, p. 239) writes that it is “strictly limited” to the head, but con- 
tradicts himself in the same paper by mentioning that it occasionally 
occurs on the body hair, extending to that of the pubis; he adds, 
however, that it does not proliferate there and that it has no significance 
in this situation. Several authors record the presence of capitis on 
the body. Denny (1842, pp. 14, 17) states that it doubtless prefers 
the head, yet it will stray over every part of the body, and he cites 
an observation of his own made at Leeds (see mention thereof on p. 96). 
Piaget (1880, p. 622) writes that it occasionally occurs on any part of 
the body and has consequently been at times confused with corporis. 
Brauer (1915, p. 561) finds that capitis not unrarely occurs on the body. 
Heymann (18. vit. 1915, p. 304) states that in heavy infestations it 
spreads all over the body and clothing, according to an observation 
communicated to him by Wodermann. Lydston (cited by Brumpt, 
1910, p. 550, no reference) records its occurrence on the pubis. I 
describe a case of pure pubic infestation (see p. 86) wherein capitis 
proliferated actively in this situation. 

We may conclude that capitis usually occurs upon the head, that 
it may spread over the body, establishing itself on other hairy parts, 
and that it may be confined to the pubic hair and proliferate there as 
my case demonstrates. 


Mopes oF INFESTATION AND DISSEMINATION OF PXDICULUS. 


In considering the modes of infestation, it is well to bear in mind 
the power possessed by lice of clinging to hair and cloth. This clinging 
power constitutes an essential factor in their dissemination. If pediculi, 
especially when hungry and agile, are placed in a glass dish, they 
promptly cling to a piece of cloth or camels’ hair brush, or to a single 
human hair that is brought in their vicinity; in fact this is the quickest 
way of collecting them out of the dish. Numberless capitis, under these 
circumstances, will cling in line upon a single hair, and they are not 
readily removed by forceps, for, if the grip of a leg upon the hair is 
loosened, another leg or two at once grasps the hair. If head-lice, 
thus attached to a hair, are dropped into 70 % alcohol, the insects will 
all die in situ; they appear to excel corporis in point of tenacity. 
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In the case of corporis, the nature of the external clothing must 
play an important part in respect to its liability to pick up lice that 
are brought in contact with it. The rougher the surface the better it 
is for lice to cling to. A somewhat similar instance is afforded by 
certain ticks which infest long-haired dogs much more readily than those 
that are smooth-haired. The slightest effort only is required of the 
louse to cling to rough cloth, one might almost say that no effort is needed, 
for dead lice can be readily picked up with a piece of rough cloth, because 
the six long and sharp claws on the feet penetrate among the fibres like 
so many fine curved needles. On the other hand, owing to the structure 
of the louse’s feet, it is incapable of clinging to smooth surfaces, and 
a knowledge of this has led to the very general use of smooth overalls 
(oilskin, rubber) and foot wear for those who are exposed to louse 
infestation. In the laboratory, we often keep the lice we are raising 
in wide-mouthed unstoppered bottles, knowing that they cannot 
escape because they are unable to creep upward on clean glass, and, 
even when it is horizontal they tumble about on it and make no headway. 

When corporis are once established in clothing they are but mode- 
rately influenced by its character. Clothing composed of rough woolly 
fabrics, especially where there are numerous folds and seams, affords 
the best protection to them. The use of si/k underwear has been much 
advocated as being a protection against lice, on the assumption that it 
affords them a poor foothold and that they are less prone to oviposit 
upon it. There is no doubt, relatively speaking, that silk is not as suited 
to the louse as woollen materials, but it affords no safeguard against 
continued infestation. Lice oviposit upon silk without difficulty 
(see p. 132) and they cling well to silk fabrics, especially tricot. Pinkus 
(1915, p. 24) states that he once saw a lousy rabbi in Warsaw who was 
clothed in silk. 

The main influence in permitting infestation to attain a severe 
character consists in the continuous wearing of clothing. This has been 
brought home to everybody in. the present war. In former times, 
when lousiness pervaded all sections of society from king to beggar, 
it was observed that lice “especially trouble persons who cannot change 
their linen or other apparel frequently’ ; thus wrote Leeuwenhoek in the 
seventeenth century, at a time when most people ordinarily harboured a 
few lice. The frequent change of apparel was the agency which kept the 
numbers of the vermin down to a normal standard, for the louse popula- 
tion, clinging chiefly to the.clothing, was removed periodically, thereby 
reducing the number upon the person sufficiently for practical purposes. 
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Man may become infested by pediculi directly or more or less 
indirectly. Infestation may occur in the following ways: 

(1) Contact with healthy verminous persons. In individuals infested 
with pediculi, especially when these are numerous, the insects frequently 
stray away from their habitat. No doubt the scratching and restlessness 
induced by the presence of lice promote the wandering of the parasites. 
In common with others, I have frequently seen head-lice wandering on 
the hair and body-lice upon the clothing of verminous persons. Such 
wandering lice may pass readily from one person to another by contact. 
Thus the contact of children’s heads at play may suffice to spread 
capilis, or merely brushing past an infested person may suffice to pick 
up an occasional corporis. Prolonged contact or close association 
with verminous persons is certain to lead to infestation sooner or later. 
Such close association is afforded in poor tenements, but this war has 
brought better examples in billets, dug-outs, military prisoners’ camps 
and the like, where soldiers have huddled or been herded together, thus 
affording the best possible means for the dissemination of lice. Peacock 
(1916, p. 44) has observed that body-lice tend to wander when men’s 
surroundings are warm and comfortable, for instance when men are 
sleeping closely crowded together!. If the present general prevalence 
of pediculosis in the fighting forces could be traced back to its sources 
it would certainly be found to be due to the introduction of lousy 
recruits among those that were clean. The former came from the slums 
and distributed their surplus lice to their companions who were handi- 
‘sapped by having to wear their clothing continuously. 

(2) Contact with the sick, dying, and verminous dead. When an 
infested person is dying or has died, the insects wander out from their 
retreats in the clothing or hair. This behaviour of lice in abandoning 
the dead or dying recalls that of fleas and some ticks under similar 
circumstances. The scattering of the lice upon and about the body, 
is a phenomenon that has frequently been observed by those that have 
visited verminous individuals upon their deathbeds, or who have 
handled them when dead. As examples may be cited the following: 
Denny (1842, p. 14) saw capitis wandering in myriads all over the body 
of an old man who died in a much neglected condition at Leeds; many 
of the lice congregated about the nostrils, eyes, and corners of the mouth. 


1 [ cannot confirm the statement by Warburton (1911) that corporis larvae are more 
prone to wander than the adults, for I find that both wander equally when hungry and the 
temperature is suitable. A fertilized female or two onte established on a person would 
soon establish a flourishing colony, the conditions being suitable 











G. H. F. Norra 97 


Perroncito (1901, p. 596) records that in acute and chronic diseases, 
especially on the approach of death, capitis scatter from the scalp in large 
numbers over the face and body ; the Italian hospital attendants describe 
the condition as an explosion of lousiness: “scoppiata la pidocchieria.”’ 

In the case of corporis, the scattering of the insects is perhaps less 
striking, because many encounter a mechanical obstacle to their 
wanderings outward from the clothing, nevertheless they frequently 
wander away from persons in fever and they scatter themselves about 
the bedding of those that have died. They have been seen in large 
numbers upon the sheets and blankets, crawling about for a couple of 
days in the vicinity of the dead, as credible eye-witnesses inform me. 
The wandering in such cases is due to hunger, or, in febrile conditions, 
it is apparently owing to the high temperature and possibly the repellant 
degree of moisture of the patient’s skin. The danger of sitting upon 
the beds of typhus and relapsing fever patients was pointed out long 
ago when it was not known that these diseases were conveyed by lice 
(see p. 47). 

(3) Contact with the clothing, bedding, brushes, etc., previously used 
by infested persons. This isa common way in which lice are disseminated. 
To put on verminous clothing! or to sleep in infested blankets or bedding, 
is a certain method of becoming infested with corporis or capitis. Sobel 
(1913, pp. 656-664), writing from a large experience of capitis in school 
children of New York, states that the problem of infestation is largely 
a home problem, reinfestation occurring there frequently through 
members of the household and bedding, clothes, towels, combs, brushes, 
etc., all of which are often in common use. Efforts at eradication in 
schools only are consequently bound to fail, because direct infestation 
there is relatively uncommon although it of course occurs. The beds 
of common lodging-houses (see p. 87) and similar institutions in various 
countries, are constantly being infested by vermin dropped by transitory 
lousy occupants. In one of the best hotels in Berlin, the proprietor told 
me some years ago that he always sought to exclude even the highest 
nobility among the travellers from some countries because they so fre- 
quently infested his guests’ beds, thus necessitating a formidable process 
of de-lousing which took away much of the profits their sojourn entailed. 

In our armies at present in the field, much blame has been attached 


1 Galewsky (m1. 1915, p. 285), who was in medical charge of prisoners at K6nigs- 
briick, reports that 5000 French prisoners who were almost louse-free were mixed with 
9000 Russians who were almost all lousy; the prisoners exchanged clothing with the 
result that the French became infested. 
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to dug-outs as centres of infestation. Peacock (1916, pp. 48-54), who 
has had a large practical experience of the louse problem at the western 
front, considers that dug-outs per se are wrongly blamed, for, although 
the men constantly assert that ‘the dug-outs are lousy”’ he failed to 
find lice there. The dug-outs that hold the most men have the worst 
reputation. He found that soldiers in open trenches, where they could 
not change clothes, and men in dug-outs, where they huddled together, 
were infested to an equal degree. Peacock does not believe that infested 
blankets play an important part in disseminating lice, for in a regiment 
with an average of 31-4 lice per man, the average per blanket was only 
0-8 lice; many blankets contained no lice, others 20-60 or more apiece ; 
in the latter case, however, the men were very unclean. In short, if I 
properly seize the author’s meaning, the chief cause of dissemination 
does not lie in dug-outs and blankets, but in the men themselves and 
their huddling together, especially when one or more are infested, as I 
have previously indicated. Jeanneret-Minkine (1915, p. 130) states 
that lice occur in the straw sacks (pazllasses) used by French soldiers, 
the sacks being made of loosely webbed fabric, and, like German 
observers, he rightly denies that lice lay eggs in straw. 

(4) Contact of clean persons’ clothing, blankets, hats, etc., with similar 
articles belonging to infested persons. In the case of capitis, Harding 
(1898, p. 95) in Boston, Mass., points out, that having found lice in 
school-girls’ hats hung beside each other in the racks of school halls, 
he regards it as probable that the lice wander from hat to hat and are 
thus distributed. Experience with the transportation of soldiers’ 
kit-bags in the Boer war, showed that corporis may wander out of bags 
containing infested clothing and that they may stray on to clean 
clothing in adjacent bags. Jeanneret-Minkine (1915, pp. 128, 130) 
describes how he saw Austrian grey-blue uniforms of infested men 
from the trenches, being piled up in a courtyard; after a few minutes 
they were so covered by lice as to appear of a café-au-lait colour when 
viewed at a distance of a few yards. He, moreover, saw lice wander 
away in large numbers from infested clothing placed on the floor; the 
lice migrated toward the door of a room which had been darkened. 
Peacock (1916, pp. 42-44) has also observed that lice congregate on the 
upper surface of discarded verminous clothing. It is therefore evident 
that clean apparel may become infested by proximity to that which is 
verminous. 

(5) Infestation through stray lice. It is obvious from the foregoing 
that lice may be disseminated by being dropped by infested persons or 
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from verminous clothing and effects. It has long been known that 
stray lice may be picked up in public conveyances and railway carriages, 
particularly those that are upholstered and used by unclean persons. 
Like many others, I was always warned, when a child, against leaning 
my head against the backs of the seats, especially in some southern 
countries where capitis is prevalent. 


LOCOMOTORY POWERS OF LICE ON CLOTH AND HAIR: 
(a) On Cloth. 

When placed on cloth in a window, corporis will usually walk away 
directly from the light with more or less speed, according to the pre- 
vailing temperature, the degree of light, and the nature of the fabric. 
When it is cool, they progress more slowly than when it is warm, and 
they traverse a relatively smooth-surfaced fabric more rapidly than 
one from which numerous fibres protrude, having fewer obstacles to 
encounter in attaining their goal. It is due to these several factors not 
having been sufficiently taken into account that the locomotory powers 
of lice have not hitherto been appreciated. 

Several observers record the speed with which corporis may walk 
across a surface: Hase (1915, pp. 41-42, cited by Miiller, 1915, p. 73) 
has apparently made detailed observations; he states that unfed lice 
walk more rapidly than those that have fed, and that large specimens 
walk faster than small. Over a horizontal surface of filter-paper, they 
walked a distance of 6-5-22-7 cm. a minute; their progress up an in- 
clined surface was somewhat slower, and beneath rough fabrics they 
averaged 10 cm. a minute; the pace when walking on dirty glass, 
leather, plastered walls, sand, etc., was also determined. Sikora (VIm. 
1915, p. 533) placed lice upon cloth inclined at 80° and found that they 
walked upward a distance of 10-16 cm. in a minute. Peacock (1916, 
p. 42), without specifying the nature of the surface, saw two lice wander 
a distance of ca. 150 cm. in one hour, and he notes that lice have been 
seen to climb 90 cm. up the wall of a room. Gerwin (1915, p. 802), 
apparently impressed with the migratory powers of lice, suggests that 
wooden gutters filled with fluid should be placed on the floor about the 
beds of typhus patients. None of the foregoing authors mention the 
temperature at which their observations were made nor the intensity 
of the light to which the insects were exposed!. 

1 Galli-Valerio (9. v. 1916, p. 37) has published tracings showing the aimless meander- 
ings of lice upon a surface without stating particulars about the experimental conditions 
in respect to light and temperature, etc. 
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A few experiments, carried out by me in sunlight, show that the 
locomotory powers of lice have been greatly underestimated, judging 
from the records above cited. Thus two corporis females (Lot 212) that 
had gorged three hours previously and had been maintained at 30° C., 
were placed upon a large piece of cloth on a window bench upon which 
the sun shone. The air temperature registered 18° C. in the shade, and 
a thermometer placed beneath the fabric rose to 245°C. The insects 
walked very rapidly over a distance of 30 cm., as follows, as timed in 
minutes and seconds by a stop-watch: 


Female Time Material traversed Direction 
a 1’ 37” black sateen horizontal 
a 49” e a ” 
b 1’ 40” ‘ i Po 
b 1’ 41” 9 
b 2’ 53” ro s angle of 45 
6 2’ 53” ag ” 9 % 
a 2’ 61” rough cloth horizontal 
a 2’ 10” ‘ - a 


These records show that 2a, in her second run, actually travelled 
at the rate of 1 metre in 2’ 43” on black sateen. The rate of locomotion 
in 26 went like that of a clockwork in four successive runs, only a 
difference of 1” occurring in two horizontal runs, whilst the two runs 
at 45° agreed exactly in point of time (2’ 53”). The records show clearly 
that it takes lice longer to ascend at an angle of 45° than to traverse 
a horizontal surface, 7.e. about as long as to traverse rough cloth 
horizontally. 

(b) On Hair. 


As it seemed to me of interest to determine the speed with which 
pediculi may climb along human hair, I constructed a simple apparatus 
for the purpose. This consisted of an oblong bent glass frame to which 
a ruler with centimetre scale was attached by crossed rubber bands; 
two long human hairs were stretched between the bands, and the frame 
was clamped to a stand which held it in any position desired. The 
two hairs were ca. 1 mm. apart and parallel, but they could be readily 
separated still further by an intervening object. When gently handled 
with fine forceps, the head being pointed in the desired direction, the 
insects promptly climbed along the hairs behind which the scale could 
be read. The timing was done with a stop-watch. 

When climbing two hairs, the louse uses all its legs, grasping both 
hairs with the legs of each side, whereas in climbing a single hair, capitis 
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especially used the three legs of one side, occasionally the third leg of 
the other side being used to right itself; after using let us say the three 
right legs for a while, these were replaced by the three left legs; in each 
case the foreleg on the side away from the hair waved about rapidly 
as if in search of something to grasp, whilst the insect steadily progressed. 
Of the legs grasping the hair, the first appeared to do most of the work, 
its movements recalling that of the human arm in the effort of climbing 
a rope. In this way, the louse climbed along the single hair, swinging 
from side to side as it alternately brought the left legs and then the right 
legs into play upon the hair. The following climbing records are those 
of different individuals that were tested within 24 hours of their having 
moulted. 


Records of the Rate at which Pediculus climbs Hair. 


(a) Capitis. (Lot 210.) 
Time given in minutes and seconds. 
All the insects had fed moderately 


Bright diffused 


Apparatus placed in a window. 
The distance travelled was 20 cm. 
and were removed shortly before from the person. 
light from the north. 





Temp. Stage Time No. of hairs Direction 
17-18° C. 2 1’ 26” 2 vertically upward 
2 1’ 50” 2 - 
3 ’ 50” 2 ” bd 
; 1’ 50” l es - 
; 2’ 4” | as 
5) 2° 20” : ” 
3 2’ 25” l % 9 
Jd 2’ 46” 1 vertically downward 
3 2’ 12” 1 angle of 45° upward 
3 3’ 1 » downward 
; 3’ 10” 1 . a 
2 2’ 42” l a » upward 
Q 1’ 32” 2 horizontally, away from light 
2 2’ 13” 1 % ” ” 
3rd st. L. 2’ 45” 1 vertically upward 
2nd st. L. 3 1 is 
Ist st. L. 8’ 57” 1 (unfed; refused 


to climb when fed) 


1 The brackets denote records relating to the same individual. 
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(b) Corporis. (Lot 212.) 

Apparatus as before. All the insects had gorged 6} hours before 
and still contained a considerable amount of food; they were trans- 
ferred directly from the thermostat at 30°C. They climbed so slowly 
that only one was allowed to climb 20cm. The distance actually 
travelled is stated, but, for comparison with capitis, the rate of progress 
is given as for 20cm. 


Actual distance 


Temp. Stage Time No. of hairs Direction travelled in cm. 
17-18° C. 1¢¢ 5’ 54’ 2 vertically upward 20 
\ 8’ 12” l 10 
; 12’ 42” l e * 10 
3rd st. L. 11’ 6” 1 9” ” 10 
2nd st. L. 14’ ] - oe 10 
(3 15’ 48” l horizontally (unfed) 10 
\3 10’ 54” l (fed) 10 
3rd st. L. 11° 16” 1 10 
2nd st. L. 11’ 34” l 10 


When the apparatus was placed in the (glazed) thermostat at 30° C., 
the same insects made better records. The experiments demonstrate 
the effect of temperature on their activity, and they now climbed the 
full 20 em. 


Temp. Stage Time No. of hairs Direction 
30° C. 3 unfed 2’ 13” 2 vertically upward 
112 4/15” 2 
ae 5’ 56” 1 
{2 gorged 2’ 40” 2 i 
\Y 5’ 43” l % 
(3 2’ 21” 2 * ‘ 
$6 7’ 54” l 7 - 
{2 unfed 6’ 16” 2 horizontally 
Lg 5’ 30” 1 
3 8° 9” 2 
$ 7’ 18” 1 


Whilst at first sight these observations may appear trivial, they 
really afford striking objective evidence of the relative activity of 
capitis and corporis under like conditions, and of the influence of tem- 
perature on the agility of lice as evidenced in corporis. 

The ease with which capitis clings, and the speed with which it 
travels upward along a single hair, indicates sufficiently how girls with 


' The brackets denote records relating to the same individual. 
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long hair may pick up lice, the insects soon reaching the root of the hair 
and finding refuge near the scalp. The greater activity of capitis at 
a temperature of 17-18° C., as compared to corporis, is clearly demon- 
strated; the latter only attains a full measure of activity at a higher 
temperature approximating to that close to the human body. At 
30° C., corporis is about as active as capitis at ca. 18° C.; it is torpid at 
lower temperatures. 

Lice on hair climb as rapidly upwards as they do horizontally; they 
climb downward more slowly. Capitis climbs a single hair about as 
rapidly as it does two parallel hairs, whereas corporis climbs more rapidly 
along two parallel hairs. In short, these climbing records demonstrate 
a biological difference between the two races of P. humanus. 


DISSEMINATION OF LICE BY THE WIND. 


Under favourable circumstances lice (corporis) may be distributed 
by the wind. Schilling (1916, p. 1176), who records the first observation 
of the kind, states that Turkish officers had previously insisted that lice 
were carried through the air; some officers even supposing that the 
insects flew. Schilling reports that when examining Turkish soldiers 
in a valley in the Taurus, the soldiers stripped to the waist at a distance 
of 50-100 metres, and then walked up to be examined by a physician, 
behind whom stood a Commission of officers and engineers. The wind, 
of medium velocity, blew towards the Commission from the spot where 
the men undressed. Only the physician actually touched the men. 
After a short time, an officer observed a louse on his hand, a second 
officer found one on his coat, a third found one on his sleeve. After 
two hours, five out of six members of the Commission had captured 
1-4 lice apiece, all of them occurring upon the outer garments or hands. 
The captured lice were about 2 mm. long and filled with fresh blood, 
so that they had undoubtedly been wafted over from the men, being 
carried far because of their small size. Subsequently thrice as many men 
were similarly examined, the wind being stronger, but blowing across 
the path pursued by the soldiers in approaching the Commission; on 
this occasion no lice were captured on members of the Commission. 
Still later, ten examinations of men on a large scale were made on a 
windless day and these also gave negative results. Schilling dwells 
on the importance of this observation in relation to the possible con- 
veyance of typhus and relapsing fever by lice carried from a distance. 
Schaefer (1916, p. 1507), moreover, states that he had occasion to examine 
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some Russian workmen prisoners; he did so in a wind, and, as a prisoner 
undressed before him, he saw a louse blown on to himself from the man 
who stood two feet away from him. Schaefer was wearing a rubber 
coat, consequently the louse slipped off and fell to the ground. He 
frequently saw lice drop from men whilst they removed their clothing, 
and, in consequence of the experience he narrates, always examined men 
afterwards whilst standing to windward of them. 


DISSEMINATION OF LICE BY HOUSE-FLIES. 


Calandruccio (1890, p. 135) states that he has seen capitis and 
corporis conveyed from place to place and person to person by flies, 
the insects being most prevalent in Sicily. Bohne (1915, p. 358) also 
refers to house-flies as carriers of lice, in the title of his paper which 
I have been unable to consult. Galli-Valerio (1916, p. 41) put two 
flies in a vessel with lice and subsequently found a louse clinging to a fly. 
Swellengrebel (1916, p. 13) doubts that flies carry lice about because 
he never saw gorged lice cling to flies that walked upon his arm whilst 
he fed lice thereon; as this author, however. states elsewhere that it 
is the hungry lice that cling promptly to passing objects, his negative 
opinion is somewhat invalidated. I have no doubt that Calandruccio’s 
observation was correct; nevertheless, in the presence of the many 
other ways in which lice are conveyed, it seems that fly carriage can 
but play a very subordinate part and this under particular cireum- 
stances only. 


Part II. 
METHODS. 
Metuops oF Rarsine Lice ExPERIMENTALLY. 
There are various ways of raising lice experimentally, the best being 
those which afford conditions approximating closely to the natural. 

(a) Raising methods whereby unlimited opportunities of 
feeding on man are provided together with normal or 

almost normal surroundings. 


Anthony van Leeuwenhoek (ed. 1807, pp. 163-169) appears to have 
been the first to raise lice with the object of studying their life-history, 
and it seems appropriate to quote his description of how he proceeded 
to do so. 
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Leeuwenhoek’s Raising Experiment. This astute observer determined 
to carry out the experiment on himself “at the expense only of enduring 
on one leg, what most poor people are obliged to suffer on their whole 
bodies during all their lives.” Instead of the white stocking usually 
worn, he used “‘a fine black stocking, choosing that colour, because I 
considered that the eggs and the young lice thence proceeding, would be 
more easily distinguished upon it. Into the stocking I put two large 
female lice, and cutting another black stocking into long strips, 1 bound 
it over the first above the knee, to prevent their escaping. After 
wearing this stocking six days, I took it off, and found one of the lice 
in the same place where I[ had put it, and that it had laid fifty eggs, 
and in another part of the stocking the other had laid about forty eggs, 
but the parent I could not find. I opened the other which had laid 
fifty eggs, and found in its body at least fifty more, and who knows how 
many eggs it had laid before I put it into the stocking, and how many 
more eggs it might then have in its body which my sight could not 
reach?” 

After a further period of ten days, he found some 25 lice of different 
sizes in the stocking ; he judged that they were freshly emerged and 1-2 
days old, and one egg was about to hatch. “But I was so disgusted at 
the sight of so many lice, that I threw the stocking containing them into 
the street; after which I rubbed my leg and foot very hard, in order 
to kill any louse that might be on it, and, repeating the rubbing four 
hours afterwards, I put on a clean white understocking.”’ 

Wilder (1911, p. 87) followed Leeuwenhoek’s method, but placed the 
stocking and the contained lice upon a patient’s leg. He allowed many 
females to oviposit and let the eggs hatch in situ, but did not continue 
the experiment. No further experiments of the kind have been carried 
out to my knowledge. 


The Felt Cell Method. 


The method used by me for raising corporis through its life cycle 
upon the body was as follows: A thick (0-5 cm.) oblong piece of dark 
blue felt was made into a cell, an oval aperture, measuring 5 x 4 cm., 
being cut in the centre. The felt cell was laid upon the forearm, and 
folded strips of felt and cloth were laid into the oval space, so as to 
afford interstices corresponding to the seams in clothing, into which the 
introduced lice could retreat at will. A small piece of black sateen was 
next laid upon the cell, and the whole covered by a thin black stocking, 
the foot of which had been cut off. Beneath both ends of the stocking, 
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near the elbow and wrist, a narrow strip of absorbent cotton surrounded 
the arm, and light elastic bands held the stocking down on the skin 
immediately beyond the two cotton barriers. A light bandage was now 
applied firmly to the forearm and fixed with safety pins. With this 
arrangement, it was found that the insects rarely escaped from the cell ; 
if they did so they could but escape into the stocking, the cotton barriers 
and elastic bands effectually blocking further progress. The contents 
of the cell were inspected daily, the exposure lasting but a few minutes, 
during which counts of eggs and moults were made and the arm cleansed. 


The Wristlet Method. 

After numerous failures in attempting to raise capitis satisfactorily, 
by the usual method employed for corporis (see p. 109), I obtained 
excellent results by the following method (Fig. 2 A—E). Some small 
pill-boxes were obtained at trifling cost from a druggist. A circular 
hole was punched in the pasteboard lid and floor by means of a wad 
punch hammered down sharply upon a sheet of lead. A layer of fine 
chiffon, such as Bacot has used, was placed beneath the floor and tied 
with a silk thread above the rim of the box. Another piece of loose 
chiffon of circular form was held firmly in place between the lid and 
box when the latter was shut. The chiffon on the floor of the box 


Fig. 2. A. Wrist-strap with broad portion (B) tapering abruptly toward the buckle 
(C) and tapering to a narrow strap (C’) at the opposite end. The aperture (Z) 
is cut to fit the sides of the pill-box tightly, when, without its lid (as shown in C), it 
is pushed outward through the opening. The narrow strap (C) slips through a second 
aperture (D) to return to the buckle when the strap encircles the arm as shown in the 
succeeding. figure. 

B. Wrist-strap with pill-box as worn on the arm. Carried on the left arm by 
day and on the right arm by night. A and B are drawn to the same scale as indicated 
below. 

C. A screened pill-box as seen in cross section; the solid parts of the box in 
black. (A) the strap; (7’) the top; (B) the bottom; (OQ) the circular aperture in the 
lid and bottom. (7'.C.) the top chiffon which slips in between the lid and box rim 
when the latter is closed. (B.C.) the bottom chiffon gummed to the under surface 
around the central aperture, and tied by (S) a thread of silk above the rim. (H) the 
hair-grid. 

D. Lidless pill-box showing (H) the hair-grid at the bottom, resting directly over 
the screened aperture (QO) in the floor. (S) the silk thread which holds the chiffon 
firmly in place. (C and D natural size.) 

E. Magnified portion of shellacked chiffon, with thirty-six strands per cm., 
showing the relative size of an unfed first stage larva of capitis to the openings 
in the screen. 
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was fixed to it by gum arabic, and, after this had dried, the whole 
of the chiffon with its silk thread, as well as the top chiffon, were im- 
pregnated with shellac varnish, the object being to cement the fibres 
of the chiffon to each other at their points of crossing, thus strengthening 
the grating and ensuring against the escape of small lice through the 
apertures of the fabric whose fibres may otherwise become displaced. 
Fig. 2 E illustrates the size of the grating in the shellacked chiffon 
in relation to an unfed first stage larva, showing that the apertures 
are too small to permit of the escape of the louse whilst not obstructing 
its movement when it desires to feed. Upon the floor of the pill-box 
was laid a small snugly fitting frame of fine soft steel wire about 0-5 mm. 
thick, the frame being wound round with a long hair (as shown in Fig. 2 
D) knotted to the frame at both ends, and firmly fixed to the crossings 
with the wire by means of shellac applied with a feather. The frames 
were removed and replaced by others every day or two according as 
they became charged with eggs. The different frames in a series were 
distinguished by small coloured glass beads strung on the wire, and 
the eggs laid on each day were spotted by means of a fine camels’ 
hair brush with different coloured inks, thus permitting accurate 
registration of when they were laid. The rest of the apparatus will be 
readily understood by reference to Fig. 2, and the descriptive legend 
accompanying it. The lower part of the box is first placed in the 
round hole in the wrist strap (A), the lice are put in the box, the top 
chiffon is then placed in position and the lid closed down upon it; the 
strap is then applied to the arm as shown at (B). The strap is of the 
ordinary form used for sprained wrists. The looping of the strap upon 
itself holds the lid of the box down firmly in place, and the bottom 
chiffon is pressed down upon the skin, the pressure being regulated 
by suitably tightening the strap. 

Both my Laboratory Assistant, Mr C. Harpley, and myself wore 
the strap on the wrist day and night for weeks whilst raising broods. 
The box was shifted periodically from one wrist to the other, up the 
arm, or from the front to the back of the arm. After three weeks 
the biting of a hundred lice repeatedly upon the same spot produced 
increasing irritation and I transferred the strap to the knee, wearing 
it like a garter. The temperature between the box and skin varied 
but slightly day and night (32-34°C.). That the box shifted little was ~ 
shown by the impress it left upon the skin and the corresponding 
circular pattern made by the bites inflicted by the lice. The method 
here described will be referred to as the wristlet method in subsequent 
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pages to avoid needless repetition in detailing the conditions under 
which insects under experiment were kept}. 


(b) Raising methods where the opportunities of feeding on 
man are limited and the surroundings but moderately 
normal. 

Raising Corporis. 

Warburton (1911, pp. 23-37), after unsuccessful attempts to raise 
corporis away from the body, succeeded as follows: he placed the insects 
on pieces of cloth in a cotton-plugged tube which he carried in his pocket. 
The lice were fed twice daily, by removing the cloth with the vermin 
clinging to it and placing it upon the back of the hand where they fed 
without leaving the cloth. Fantham (1912, pp. 513-515) appears to 
have merely followed Warburton’s method. 

Nicolle, Blaizot and Conseil (1912, pp. 110-192; 10. vir. 1912, 
p- 1636, and ur. 1913, p. 210), in Tunisia, kept lice alive for 3-4 weeks 
by feeding them twice daily on man, and, between feeds, keeping them 
in a damp atmosphere in the thermostat at 28°C. They state that 
few lice died under these conditions. 

Hindle has raised many generations by this method and so have I, 
the temperature ranging from 28-37°C., the best temperature being 
about 30-32°C. As I have stated elsewhere (p. 89), body-lice dwell 
normally in a very dry atmosphere, and we, in England, have found it 
unnecessary to render the air moist in the thermostat. The lice may 
be kept in open bottles or tubes containing a piece of cloth for them to 
cling to; we have used bits of black sateen as they afford a good con- 
trast for eggs and small larvae. For some purposes I prefer small 
hair frames to cloth; they are more convenient for accurate inspection : 
but for ordinary purposes cloth is better; the lice cling to the cloth 
or hair, before, during, and after feeding. Lice are most conveniently 
fed upon the bared left forearm. It is best to sit facing a window in a 
good light, as young lice are small objects which may otherwise escape 
notice. A fine camels’ hair brush or very finely pointed soft-springed 
forceps are used for picking up the insects that may wander or such 
as are required for examination. 

1 Zupnick (v. 1915, p. 564), who failed to raise corporis under different conditions in 
the laboratory, finding that at best only a few nits hatched, recommends gumming cells 
of dark cloth or linen upon a man’s back for the purpose of raising lice. He illustrates the 


method by photographs, but records no observations made with the aid of it. It would 
be difficult to imagine a more cumbersome and unpractical method of raising lice. 
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Patton and Cragg (1913, p. 552) raised lice by feeding them but once 
a day and keeping them at room temperature, 30°C., in India. 
Kinloch (v1. 1915, p. 1038) fed lice upon the finger on which they were 
confined by a finger stall; he kept the lice at 24-37° C. in an incubator 
between feeds; this method, however, is unsuited for feeding lice in 
numbers. Legroux (vi. 1915, p. 470) attempted to raise lice by applying 
them once a day to the skin in a cupping glass, maintaining them between 
feeds on muslin in dishes at 16—18° C.; this temperature is too low for 
development. Heymann (18. vit. 1915, figs. 2-3) devised cylindrical 
or flat metallic boxes of wire gauze for confining lice. The boxes were 
placed in a flat silk container sewn so as to form 50 pockets which 
were closed by safety pins; the silk container was worn under the 
clothing. He observed the development of lice in the boxes at intervals 
of 24 hours or more, up to four weeks; he does not state how he fed 
the lice. 

Sikora (vi. 1915, p. 523) confined lice in cotton-plugged tubes or 
screened boxes which were carried in the pocket by day, at ca. 24°C., 
and near the person at night, at ca. 35°C. The lice were usually fed 
twice a day upon the hand and forearm. Threads or hair were placed 
inside the containers for the lice to cling to and oviposit upon. Sikora 
found that larger lice would bite through silk gauze having 12 holes 
per centimetre, the gauze serving to enclose the insects in containers 
which were periodically applied to the arm, thus enabling the lice to 
feed. Larval lice could not feed through the gauze, because they failed 
to reach the skin. Larvae were confined in corn rings attached to the 
skin and covered over, or the feeding area was circumscribed by smearing 
a line of fat about it. Very few nits were laid on the gauze. Rocha- 
Lima (1x. 1916, pp. 1381-1383) illustrates an apparatus, devised by 
Sikora, for feeding lice upon the arm. It consists of an oblong wooden 
box about 8cm. long, with perforated lid and bottom covered by 
coarse gauze, and held on the wrist by two straps. The apparatus 
appears clumsy, and the box, if not accurately made, might well permit 
lice to escape; besides it is entirely unsuited for work with small larvae. 
The illustration, however, gave me a useful hint which led to my devising 
the simpler and better wristlet method already described. 

Bacot (11. 1917, pp. 229-230, Figs. 1 and 2) kept lice in glass-bottomed 
entomological boxes lined with cloth, the top covered with chiffon, 
through which the lice fed. It was an adaptation of the method he 
had previously devised for feeding fleas. The boxes were arranged 
in lots of twelve, in a pasteboard frame, whereby they were held against 
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the skin for 6-7 hours by night. The boxes were carried in the clothes’ 
pockets by day. In some experiments the eggs were allowed to hatch 
at 31°C. in the thermostat. By using a fine quality of chiffon as a 
screen to the boxes, Bacot was able to deal effectively with larvae. In 
raising capitis, Bacot placed hair loosely in the boxes above described 
instead of folded bits of cloth. 


Relative advantages of the foregoing methods. 


For obtaining a true picture of the biology of corporis, my felt cell 
method is the best since it places the insects under natural conditions 
where they at all times have direct access to the skin for feeding; they 
are, moreover, provided with retreats similar to those afforded by seams 
in clothing, and the climatic conditions are normal. The objection to 
the method lies in the necessity of bandaging and unbandaging the arm 
for inspection. 

Failing this, the next best is the wristlet method as used for my 
experiments with capitis. The chiffon screen on the top and bottom 
of the box prevents the condensation of moisture within that inevitably 
takes place where glass-bottomed boxes are used as in Bacot’s method. 
The pill-boxes can, moreover, be much more rapidly opened, cleaned 
and inspected, and, being shallow and the chiffon fine, a great deal of 
what is going on in the boxes can be seen through the chiffon with a 
hand-lens or binocular microscope without disturbing the inmates. It 
is a great safeguard against the escape of small larvae if the chiffon is 
impregnated and stiffened with a varnish like shellac. Successive 
batches of eggs, laid on hair grids, can be removed to other boxes that 
are carried in a bag about the neck prior to hatching. For examination, 
the boxes, when opened, are best placed in glass dishes. The lice stay 
upon the chiffon floor and hair grid, occasionally upon the chiffon lid, 
laying nearly all their eggs on hair. The method will work equally 
well with corporis. 

To lay their full quota of eggs per day lice must have unlimited 
opportunities of feeding. This is demonstrated by protocols which 
follow (see p. 127). There is not room in the female's body for more than 
a small feed, oft repeated, when she is laying ten to twelve eggs aday. Those 
who have fed lice but once or twice a day have therefore reached false 
conclusions regarding the egg-laying capacity of lice. 

Whereas corporis, maintained at 28-32°C., dry, in the thermostat, 
can be raised successfully when taken out and fed twice, or even at 
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times once a day, they do not thrive so well as when they feed at 
their list. The rare feedings cause the lice to gorge themselves in an 
abnormal manner, which leads to a certain mortality, nevertheless 
they have remarkable powers of adapting themselves to such artificial 


conditions. i 


Attempts To Raise Lice By FEEDING THEM ON ANIMALS, WITH NOTES ON 
THEIR OCCASIONAL OCCURRENCE ON ANIMALS. 


In view of experimental work on typhus and relapsing fever, and 
the difficulties involved in finding persons willing to submit themselves 
to the discomfort of being bitten by lice, even when these are not 
suspected as possible carriers of infection, it is natural that repeated 
attempts should have been made to raise the insects by trying if they 
would feed upon different animals. 

That human pediculi occasionally stray on to other animals, is well 
known. According to Cummings (1915) the British Museum possesses 
specimens collected from monkeys, cats, dogs and pigs, all of which, 
we may add, may live in close contact with man. I have even seen 
specimens stated to have been collected on a fowl. This occurrence 
of human pediculi on different animals, has, however, no more signifi- 
‘ance than if they were found on a hearthrug or chair unless it can be 
shown that they breed upon other hosts than man. Miiller (1915, p. 52) 
investigated the reported occurrence of corporis upon horses, but on 
several occasions found that Haematopinus asini had been mistaken for 
the human parasite; on the other hand I possess both capitis and corporis 
collected for me from a pony in Szechuen, Western China; I have, 
however, little doubt but that they emanated from lousy native riders. 

According to a review of a paper by Noeller (1916, p. 778), which I 
have been unable to consult in the original, it would appear that this 
author found human lice “capable of living and breeding on pigs” ; 
it remains to be seen if this is true or not. With this questionable 
exception, then, there is no record of human pediculi having been raised 


successfully on animals. 

In the following list, I have grouped the various observations in the 
order of the animals upon which attempts have been made to feed lice 
by different authors: 
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Monkey ...... corporis feeds, but not so well as on man (Nicolle, Blaizot and Conseil, 11. 
1913, p. 210)!. 

DOR: scneshend capitis, 20 large larvae placed on a dog, failed to feed and died on the animal 
(Nuttall). 

Rabbit ...... corporis, tried, but were unable to feed (Sikora, vu. 1915, p. 531). 


capitis, feed on shaved rabbit (Galli-Valerio, 1916, p. 37)1. 
Guinea-pig...corporis, when starved, they feed to repletion, but mostly die afterwards 
(Nicolle, Blaizot and Conseil, loc. cit.). 
feed on young animals with coaxing, but die in 24-48 hours (Hey- 
mann, 18. vit. 1915, p. 307). 
feed (Sikora, loc. cit.; Musselius, x1. 1915, p. 170). The latter 
author shaved the hair or used depilatory powder?. 
‘a live a short time (review of Noeller, 1916, p. 778). 
capitis, feed (Galli-Valerio, loc. cit.). 


DR ienicinccied corporis, feed, but die (Warburton, 1911, p. 23). 
capitis, feed on shaved rat (Galli-Valerio, loc. cit.)'. 
Mouse......... corporis, feed badly (Prowazek, 1. 1915, p. 67). 


refuse to feed (Fiebiger, vir. 1915, p. 645). 

feed (Toyoda, 1914, p. 313; Sikora, loc. cit.)1. 

feed with much coaxing, on skin treated with depilatory powder; 
feed readily when they get accustomed, but must prick several 
times to draw blood (Widmann, 18. vit. 1915, p. 290). 

refuse to feed on young naked mouse and on shaved white mouse 
(Nuttall, Expt. VII. 1916). 


” 


” 


” 


POE ccisneses corporis, feed under experimental condition (Brumpt, 1910, p. 550)?. 

Pigeon ...... capitis, refuse to feed (Galli-Valerio, loc. cit.). 

Swallow ...... corporis, tried hard to feed on naked skin of young bird but failed because 
of the slippery skin affording no foothold (Nuttall, Expt. VI. 
1916). 


CoLLEcTING, FoRWARDING AND PRESERVING LICE. 


Lice are best collected from the clothing and human body or hair 
by means of fine pointed forceps, care being exercised to grasp them 
gently. Hair with attached eggs should be cut off near the root without 
touching the eggs. For transportation alive, the insects should be 
placed in corked glass tubes with hair or bits of cloth to which they can 
cling; cotton wool is to be avoided as the insects become entangled in 
it. Most of the lice collected in this manner will live 2-3 days, unfed, 
at usual temperatures. For ordinary purposes of preservation, they 
should be dropped alive into 70 % alcohol. 


1 No particulars are given as to how long the lice lived after having fed, or if the 
feeding was ever repeated. We must presume that the lice were fed but once and that 
no attempt was made to raise them on blood other than human. 


Parasitology x 
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Part III. 
SPECIAL BIOLOGY. 
Tue RetativE NumsBers oF Mates aND Femates In P. WUMANUS. 


A few authors have noted that there appear to be more females than 
males present upon the infested host. For instance Harding (1898, p. 95) 
states this of capitis, and Sikora (vm. 1915, p. 528) of corporis. To 
my knowledge no actual enumerations have been made hitherto of all 
the lice or of an adequate number collected from persons with a view 
of determining if this is merely a subjective impression or not. Per- 
sonally I believe that many males, especially when small, may be mis- 
taken for third-stage larvae and thus lead to a false impression of their 
numbers. Moreover, when specimens are collected by inexperienced 
persons or assistants, there is a natural tendency to collect the largest 
specimens, most of which are likely to be females. 

As yet, I have only been able to make one enumeration of what 
constituted practically all the capitis that were present on one person. 
The specimens were taken from a woman’s head which was shorn in 
my presence. By a curious coincidence there were exactly 104 ¢ and 
104 2 present upon the scalp. It is evident that further enumerations 
of the kind, both of capitis and corporis, are required to determine the 
proportion of the sexes upon the host, since this observation is in direct 
contradiction with what has hitherto been stated. In any case, Sikora’s 
explanation that the females appear more numerous because they live 
slightly longer, is one that scarcely throws light on the problem. 


Raising Experiments. 


The proportion of the sexes, as determined by raising experiments, 
has vielded contradictory results. Owing to the marked disparity in 
the proportion of the sexes constituting the broods of certain pairs, 
as first discovered by Hindle (11. 1917, p. 259), the figures obtained are 
specially liable to fallacious conclusions when these are based on limited 
observations. Mr Harrison has calculated from Hindle’s ms. notes, 
that the latter raised (from 1590 first stage larvae) a total of 944 corporis 
to maturity of which about 40% were ¢ and 60% 9, the actual 
numbers being 392 3 and 5529. These figures would tend to support 
the view that the females are more numerous than the males. On the 
other hand, if we total up the progeny of Bacot’s hybrids (vide infra) 
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between capitis and corporis, we find that he raised 882 ¢ and 624 9. 
Assuming that it is permissible to combine the figures of both authors 
we obtain a grand total of 1274 ¢ and 1176 9, indicating that perhaps 
in nature the sexes balance out in equal proportions. On the other 
hand, of 100 insects, the progeny of 4 ¢ and 6 @° capitis (Lot 210) 
raised by me on man, 43 were 3 and 57 9, these figures harmonizing 
with those of Hindle for corporis. My figures, however, appear to 
afford better evidence of the true sex ratio (in a mixture of six broods) 
than those of Hindle or Bacot, because the mortality among the indi- 
viduals raised by me was practically nil’; Hindle’s figures especially 
indicate a great mortality, which might have affected the males more 
than the females*. As previously stated, however, further enumera- 
tions of a large number of lice from a number of persons, coupled with 
more raising experiments, are required before final conclusions can be 
reached as to the relative numbers of both sexes. 


Tue DISPARITY IN THE PROPORTION OF THE SEXES IN DIFFERENT Broops. 


As previously stated, the results of raising experiments, especially 
on a small scale, may be very contradictory. Sikora (vim. 1915, p. 528) 
raised two broods which yielded respectively (a) 10 3, 14 9, and 
(b)5 3,6 9. The only authors who have raised lice on a large scale 
are Hindle (11. 1917, p. 258) and Bacot (1. 1917, p. 253). 

Although Hindle raised descendants of many pairs of corporis, the 
number of adults of each brood was usually small. Nevertheless a 
striking disparity in the proportion of the sexes was observable in some 
of these partial broods, in that a number yielded only 33, others only 
29, and still others $3 and 99 in varying proportions. He raised one 
stock of lice through several generations, the insects being fed twice 
daily on man and maintained during the intervals at 30°C. in the 
thermostat. Excluding details that are irrelevant to the problem 
under discussion, I append some of his results in condensed forta. 


1 Of 106 eggs, four were sterile and 102 hatched, only two larvae failing afterwards to 


reach maturity. 
2 Vide Doncaster, L. (1914), The Determination of Sex, Cambridge Univ. Press, 
pp. 73-89 (Sex-ratio). 
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Table showing the Disparity of the Sexes. 
(a) In the offspring of 25 isolated pairs (Hindle). 
Corporis Progeny raised Corporis Progeny raised 

pair 3 pair 3 2 
l 9 0 14 0 9 
2 12 0 15 13 18 
3 10 5 16 0 2 
4 26 0 17 28 2? 
5 0 4 18 2 9 
6 0 36 19 38 0 
7 17 8 20 0 6 
. 14 3 21 0 24 
9 0 34 22 0 64 
10 0 48 23 2? 27 
ll 27 0 24 8 2 
12 0 45 25 0 26 

13 1? 31 — 
Totals 206 383 

(6) In the offspring of mixed pairs (selected examples from Hindle). 

Parents Progeny raised 
, 3 ? 
13415 13 15 
6+ 4 54 0 
6+ 4 28 0 
6+ 4 0 42 
6+ 8 12 8 
8+ 4 0 32 
10+ 4 0 37 











On the other hand, the following protocol from my own experi- 
ments shows greater uniformity in the proportions of the sexes (raised 


at 31° C.): 


Progeny Total adults raised 

Parents raised from Ist stage 

3 3 2 larvae 

2 4 25 13 37% 

4 4 17 12 34% 

3 5 16 14 35% 

4 4 8 16 38% 
Ss ii 66 55 Average 36% 


Bacot’s observations relate to hybrids of (a) capitis 3 + corporis 9 
and (b) corporis $ + capitis 2, the progeny of fewer pairs having been 
reared than in Hindle’s experiments but the respective broods being 
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larger. The proportion of the sexes is seen to vary considerably; in 
some broods the sexes are nearly equal in numbers, in others especially 
the males predominate. 


Table showing the Relative Numbers of the Sexes. 


(a) In the offspring of capitis 3 + corporis 2 (from Bacot). 


Progeny raised 


Parents 3 2 
Pair 1 awe nies sis dea “ta 71 25 
» 2 130 22 

» 3 51 49 
4 76 35 

2nd generation. Progeny of pair 1 ns 211 181 
3rd generation. Descendants of pair 1 ... 93 110 


(6) In the offspring of corporis 3 + capitis 2 (from Bacot). 


Progeny raised 


Parents 3 2 
Pair 1 eve ose a ‘as sen 27 22 

» 2 nae eee ve one — 17 7 
2nd generation. Progeny of pairs 1 and 2 143 109 
3rd generation. Progeny of pairs 1 and 2 63 64 


The cause of the variation in the proportion of the sexes in the off- 
spring of different pairs remains to be determined. Further experi- 
ments under varying conditions may perhaps serve to explain the 
interesting phenomenon. The occurrence of male and female broods 
doubtless prevents excessive interbreeding among the descendants of a 
given pair, and, by insuring cross fertilization, promotes the maintenance 
of the species. 


OVIPOSITION. 


Oviposition in P. humanus, under favourable conditions, commences 
24—36 hours after the emergence of the female from the third larval 
skin; it is delayed or inhibited by a low temperature. The number 
of eggs laid by a female is dependent upon the food supply and the 
temperature at which she is maintained. A few eggs may occasionally 
be laid by females some days after they have been fed, thus Hase 
(1915, p. 75, cited by Miiller, 1915) saw female corporis lay after fasting 
2—3 days, in one case even after fasting for 5 days. I have moreover 


seen 3 992 corporis (Obs. v. 16), after one feed, lay no eggs until 48 and 
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96 hours had elapsed, the temperature having risen from ca. 15°C. 
to 22—23°C. in the last 48 hours; they then laid 8 eggs. 

A careful survey of the literature on lice has only revealed a single 
reference bearing directly upon the manner in which the louse oviposits, 
but it throws no light on the process. Widmann (vm. 1915, p. 292) 
states of the cement with which the female fastens her eggs, that it 
has the property of drying quickly, for he saw a freshly laid nit adhere 
to the leg of a louse that climbed over a female as she was ovipositing 
and it was found impossible to remove it from the leg without injuring 
the limb. I have once seen a male to whose leg an egg was similarly 
cemented, and doubtless this arose in a like manner. 

Before describing the act of oviposition in P. humanus, I would 
refer the reader to Parasitology, 1x. p. 312, wherein the copulatory 
organs of the female are described and figured. 

When viewing some living lice upon a hair-frame, of which a descrip- 
tion follows, it struck me that the “gonopods” might well serve as 
graspers for the hair upon which the female is desirous of ovipositing?. 
On reflection, it appeared certain that for the female to lay an egg 
in proper alignment upon a single hair, she must in some way hold 
her abdomen accurately in a line with the hair. Not only is the hair 
exceedingly pliable but the abdomen of the female louse is very pen- 
dulous especially when weighted with eggs and’ a full meal of blood. 
It is well that this hypothesis of the possible function of the gonopods 
was formed before the act of oviposition was observed, because the 
function of these organs might otherwise have been overlooked. The 
function of the outwardly directed chitinous spines lining the vagina 
and of certain muscles in connection with oviposition, has already been 
indicated (loc. cit. p. 316). 


‘ 


Tue Process oF OVIPOSITION. 


To observe the act of oviposition, I constructed small frames of 
bent glass or copper wire, winding a knotted line of long hairs about 
them in the manner depicted in Fig. 6 C (p. 123). The hair was held in 
place by occasional knots and gum arabic lightly applied on. the outer 
margin of the frame. The frames were then placed in cells of suitable 
size and shape to fit the frames (Fig. 6 A), being constructed in a simple 
manner out of glass plates held together by strips of gummed paper. 


1 In vol. 1x. p. 301, I stated that the so-called gonopods took no part in the act of 
copulation as Peacock (1916, p. 39) has assumed. 
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The lidless cells prevented the escape of the insects and confined them 
to an area corresponding in size with that of the hair-frame. Shortly 
after being fed, the female insects were placed upon the hair-frame in 
the cells and transferred to the stage of a binocular dissecting microscope 
placed at ca. 30°C. in a Nuttall microscope-thermostat. Until one 
of the females showed evidence that she was about to oviposit, only 
a minimum of light was allowed to enter the window, the latter being 
screened. Lice are very sensitive to light and care is necessary in 
regulating the degree of illumination required to see the insects well 
and not disturb them by an excess of light. The females which occasion- 
ally wander off the frame should be gently returned thereto with a fine 
brush. Incidentally I would mention that lice viewed under such cir- 
cumstances are infinitely more active creatures than might be supposed 
from ordinary observation. 











Fig. 3. Illustrating the process of oviposition upon a hair in Pediculus humanus 
(corporis), the insect being viewed through a microscope placed vertically. Drawing 
made from memory with the aid of dead specimens. The egg, a little under 1 mm. 
long, may serve as a scale. The female has just deposited the egg and is walking 
away with her gonopods still grasping the hair which is about to be released. 


The females (corporis) walked about a good deal at first but presently 
slowed down in their movements. One female was observed to bend 
the posterior portion of her abdomen downward so that it appeared 
somewhat concave in profile. She maintained this posture whilst 
relatively quiet, for a period lasting perhaps a minute. She then 
walked backward along a hair which was seen to glide within the fork 
formed by the posterior lobes of the last abdominal segment. The 
gonopods were flexed away from the body and against the hair; 
suddenly they were seen to slip around the hair and grasp it, almost 
ata right angle. Whilst gripping the hair with the gonopods the female 
retreated still further along the hair for a distance about equal to half 
her body length; she then came to a stop. What appeared to be a 
minute drop of hyaline fluid now appeared at the sexual orifice and 
after a few seconds the insect walked forward, the egg being com- 
pletely freed by her and cemented to the hair in the fraction of a second 
(Fig. 3). The female now released the hair from the grip of the gonopods, 
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and, wandering off slowly to adjoining hairs, she came to rest. The 
whole act of oviposition, timed by a stop-watch, did not last over 
17 seconds, counting from the time the female began to slide back 
along the hair until she again moved forward abandoning the egg. 
The latter remained cemented upon the hair with the operculum 
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Fig. 4. (A) Posterior ventral portion of the abdomen of Pediculus humanus (corporis) 2, 
illustrating the function of (gon.) the gonopods as claspers of human hair, whereby 
the insect is able to lay its eggs in alignment with the hair. At rest, the gonopods 
are directed backward or somewhat dorsally; when grasping a hair they are tiexed 
downward as shown in Fig. 3. The hair passes backward between the (p. 1.) posterior 
lobes of the last abdominal segment which are shaped for the purpose. Anterior 
to the gonopods lies the (v. pl.) ventral plate, the structures being pigmented and 
rigid, the pliable integument between them functioning like an interarticular mem- 
brane. The space between the gonopods and between the posterior lobes is adjusted 
to the calibre of human hair; they may, however, separate and have been seen to 
grasp two hairs. 

(B) An egg of Pediculus humanus (corporis) cemented upon a fine human hair 
and seen in profile; otherwise it is orientated in relation to the adjoining figure A, 
the pointed end being directed backward as the egg issues from the female; 
(D) the dorsal and (V) the ventral surfaces of the egg, (7') the cement tube sur- 
rounding the hair. : 

Both figures drawn to scale with the aid of a camera lucida. 


directed toward the female as she walked away. Dr Keilin, who 
immediately afterwards confirmed my observation here described, was 
unable to time the act because it took place too rapidly. Whereas the 
female I observed was seen in profile, the female observed by Dr Keilin 
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was viewed in ventral aspect during the act of oviposition. I subse- 
quently observed the act on two occasions. The posterior abdominal 
lobes were seen to be retracted and protruded several times during the 
process and to approach and separate from each other in the median 
line as if feeling and then grasping the hair. The appearance of the 
pointed end of the egg was preceded by a flow of cement and the egg 
was rapidly extruded. The females quickly released the hair from the 
grip of the gonopods after the egg issued, and they walked away from 
it. A third female made repeated and violent efforts to void an egg 
but failed to do so; between the throes she remained hanging to the 
hair by the gonopods whilst she rested. 

In this connection I may mention that a hair can be readily passed 
either from in front or behind through the circular space between the 
gonopods in dead and living females; the manipulation recalls that 
of passing a thread through the eve of a needle. I threaded the insects 
under a low magnifying power; my Laboratory Assistant succeeded 
in doing so with the naked eye (!) after I had shown him the manipula- 
tion on specimens long preserved in alcohol. Insects thus treated 
remained hanging to the hair by their gonopods. When at rest, the 
pincers formed by the gonopods being closed, the circular interspace 
coincides with the calibre of ordinary fine human hair; where the hair 
is broader or two adjoining hairs have to be grasped the gonopods 
readily adapt themselves by becoming more or less separated (see 
Fig. 4 A). That the gonopods aid in fixing the eggs on fabrics is 
evident from the position of the eggs on the fibres; in an alcohol 
specimen I once found fibres between the gonopods, these having 
emanated from the felt on which the female had laid. 


Tae ORIENTATION AND Mope oF ATTACHMENT OF THE Ecc. 


Whilst the egg is in the ovary, its operculum is directed toward 
the head of the female, and it maintains this orientation when it 
issues from the sexual orifice. 

The position of the female when she oviposits is the factor determin- 
ing the orientation of the egg when it is laid; thus, when she lays an egg 
on a hair, say on the scalp, she usually walks away from the scalp, and 
the operculum is consequently directed toward the distal end of the 
hair, the egg being cemented near the hair root. On moderately 
infested heads as a rule only one nit per hair is found, but a con- 
siderable number of eggs may be laid one behind the other upon a 
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single hair, all of them pointing in one direction. Fig. 5 shows them 
similarly placed on pubic hair. This latter appearance is commonly 
seen on the heads of persons heavily infested with head-lice and it 
may be observed under experimental conditions both with capitis and 
corporis. From the fact that the latter often oviposit deep down in 
the interstices of-felt or in seams of clothing (in soldier language 
they “dig themselves in” according to Peacock), it is evident that 
they must also walk backward and then forward on fabrics when 
about to oviposit, in the same way that we have seen them do 
on hair. 

It is worthy of note that most of the eggs laid on hair in my experi- 
ments were orientated in one way. On the hair-brush (Fig. 6 D) 
used for experiments with corporis and capitis all the eggs (23 and 











1mm. 
Fig. 5. P. humanus (capitis) eggs on pubic hair shaved from a soldier; the base of the 
hair having been cut through very close to the base of one egg. The hair bears 
six unhatched eggs all pointing to the distal end of the hair with their opercula; 
some eggs show the eyespot of the developing larva. All the lice on the soldier 
were confined to the pubis (see p. 86). Drawn from living specimens with the 


aid of a camera lucida. 


33 respectively) were laid with the operculum directed toward the 
free end of the hair exactly as on the human head. On hair-frames, 
in the eggs laid near the glass or copper frame, most of the opercula 
pointed away from the frame, thus in two experiments corporis laid 
(a) 52 eggs directed in this way and only 4 reversed, and (b) 44 directed 
in this way and 8 reversed. The females usually go to rest near the 
artificial base of the hair (corresponding to the scalp) and as they lay 
they walk away along the hair in the manner observed by me in life. 

When laid upon cloth, their orientation is almost always the same, 
the ventral surface of the egg being attached along its posterior half 
to the substratum; in this respect it is indifferent whether the egg is 
fixed to hair or cloth. The ventral surface of the egg corresponds 
to the ventral side of the female whence it issues and the egg appears 
to issue invariably with the ventral side directed toward the substratum 
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to which the female clings. Already in the ovary, the egg shows 
asymmetry; this is clearly seen in eggs attached to hairs where 
they can be viewed in profile (Fig. 4 B). Thus viewed, the ventral 
contour appears relatively straight, the dorsal curved and slightly 
shortened to where it joins the operculum; the egg is broadest a short 
distance behind the operculum, whence it gradually tapers basally. 
The orientation of the egg is such that when the young larva emerges, 
it is able to grasp the hair or fabric directly it issues, the operculum 
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Fig. 6. (A) Glass cell used for confining lice under experiment. (B) Skein of human 
hair as used in experiments on oviposition. (C) A hair-frame, consisting of copper 
wire or glass with hair wound about it and interlaced where the hairs cross. (D) Hair 
brush with strip of cloth of corresponding superficial area laid upon its base. (All 
figs. $rds natural size.) 


mostly springing open on the ventral side; the mechanism of hatching 
will, however, receive consideration elsewhere (see p. 148). 

The cement that serves for the attachment of the eggs is secreted 
by large glands opening laterally into the uterus; it flows about the 
hair and base of the egg and is drawn between them by capillarity ; 
its flow ceases before the broader opercular portion of the egg has issued, 
and this explains why it is always the posterior part of the egg which 
is cemented to the substratum; moreover, if the cement continued to 
flow out after the egg it would occlude the pores of the operculum. 
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When an egg is laid at the point of intersection of two or more hairs 


or fibres, these may be cemented together. The cement issues as a 
fluid having great wetting properties, for it forms a tube completely 
surrounding the greasy hair or adhering to the fibres of cloth, besides 
investing the posterior half of the egg, upon which it hardens rapidly 
as a transparent structureless membrane’. The latter is best seen in 
hatched eggs; it shows at most some irregular longitudinal ridges 
where it has dried in a layer of unequal thickness, the ridges con- 
verging toward the base of the tube surrounding the hair. I have but 
once seen a nit laid without sufficient cement, the appearance recalling 
in a moderate degree that seen in the pedunculated eggs of Chrysopa: 
a small amount of cement surrounded the hair, and from it a very 
delicate cement filament, about two-thirds the length of the egg, ran 
to the egg-base forming its only connection with the hair. 

The rapid hardening of the cement may be fatal to a female that 
fails to extrude her egg promptly after the cement flows; I have seen 
a female so firmly held to a hair by a filament of hardened cement 
that she could not tear herself loose and died attached to the hair. 

The hardened cement is exceedingly resistant to chemical agents, 
behaving like chitin in this respect; no solvent will remove it without 
first destroying the hair or fibre to which the egg is attached. When 
treated with mineral acids, acetic acid, or caustic potash, the cement 
tubes and eggshells remain after the hair or fabric has been dissolved, 
except perhaps for the detritus which may remain enclosed mechanically 
within the cement tubes?. 


When lice oviposit under experimental conditions upon cloth or 
felt resting on glass, they show a marked preference for laying their 
eggs on the under surface of the fabric, even when they are constantly 
kept in the dark. In their efforts to crawl beneath cloth resting on 
glass, the insects may move the fabric about considerably provided 
its weight is not excessive. 

If narrow strips of felt are placed on end in flat-bottomed tubes 
with lice, the latter will lay most of their eggs underneath the small 


1 Some authors figure the cement covering the posterior half of the egg so that it 
recalls an egg-cup, an anterior margin or rim of cement being sharply defined as a line 
running round the egg; I have not seen this appearance and an attempt to stain the 
cement failed. 

* Lelean (1917, p. 141), apparently on the authority of Austen, makes the erroneous 
statement that the cement is soluble in 10% acetic acid. Nits on hair or cloth may 
soak for days in the fluid but the cement does net dissolve. 
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end where it rests upon the glass. Thus, in ten tubes containing felt 
strips, some females laid 131 eggs of which 87 were attached to the 
bottom of the strips, 36 at the lower edge, and 8 at the sides within 
0-5 cm. from the bottom. This observation led me to make the follow- 
ing experiments: ; 

Expt. 1. A felt strip (Fig. 7 A) from the bottom of which a pin 
projected to a distance of 1-5 mm., was placed pin end down in a tube. 
The felt therefore did not rest directly on the glass. Lice placed in 
the tube laid 12 eggs at the bottom of the strip and 2 eggs near the 
lower edge. 

Expt. 2. As lice are prone to hide in the seams of clothing it was 
thought that by pinning two strips of felt together like an inverted V 
(resting the ends on two pins to prevent the contact between the glass 











[ove ? 
[| & 
Fig. 7. Illustrating the arrangement of the felt strips used in experiments 1 and 2. 


The strips rest on pins projecting below, the strips being maintained vertically in the 
tube by’ pins traversing the felt crosswise. Natural size. 


and felt, see Fig. 7 B) the insects would perhaps prefer to lay in the cleft. 
Contrary to expectation the females laid 11 eggs at the bottom of one 
strip, 6 near by at the sides, and only 3 in the cleft but near the bottom 
of the second strip. That the eggs were laid at the bottom of one strip 
only, serves as a good example of the “homing instinct” presently 
to be described. 

Expt. 3. A felt strip was placed horizontally about 2-5 mm. away 
from the bottom of a tube, a few pendant filaments permitted the insect 
to climb up on the felt from below. A female laid 4 eggs, all on the 
more filamentous sides of the felt. 

Expt. 4. A felt dise accurately fitting a tube was inserted as a 
floor and a strip was pinned horizontally above it at a distance of 
about 3mm. Some pendant filaments extended from the strip to the 
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floor. Three females laid 4 eggs on the sides and top of the strip and 
18 on the floor. 

Expt. 5. Two felt discs were placed in a tube, the one served as 
a floor, the other as a slanting roof to the space in which the lice were 
confined. The upper disc touched the floor on one side and was only 
slightly slanted. The lice confined in the space laid 9 eggs under 
the roof and 14 on the floor. Most of the eggs were laid where the 
discs approached each other to a distance of about 2 mm. 

These experiments show (a) that lice prefer to lay on horizontal 
as against vertical surfaces; (b) that they greatly prefer to lay on the 
underside of fabrics resting on or near glass; (c) that when confined 
between two surfaces (roof and floor) of felt, the interspace allowing 
of free movement, they lay about equally well on both. 


Tue INFLUENCE OF TEMPERATURE ON OVIPOSITION. 


The temperature at which females are kept markedly influences 
oviposition. For instance in one of my experiments (13—-14, v. 16) 
65 29 corporis were placed at 22° C. and only laid 3 eggs during 46 hours. 
When 35 of these females were placed in a thermostat at 30° C. they 
laid 188 eggs in 24 hours. In a second experiment 10 99 laid no eggs 
at 21° C. during 24 hours but when placed at 22—23° C. for a similar 
period they laid 8 eggs. They lay rapidly at 37° C. although this tem- 
perature shortens their lives under experimental conditions. 

Sikora’s statement (vi. 1915) that lice cease to lay at 25°C. is 
inaccurate; the author has, however, corrected it, having since found 
(x1. 1915, p. 164) that eggs may occasionally be laid at 20° C. Accord- 
ing to Hase (1915, p. 75, cited by Miiller, 1915) lice do not oviposit 
at 12°C. 

We may conclude therefore that corporis cease to lay at tempera- 
tures beneath 20°C. Infested persons who remove their clothing at 
night will consequently become less heavily infested than those who 
wear their clothing continuously—this being in accord with practical 
experience. The periodic cooling of the clothing and of the therein 
contained lice necessarily leads to their progeny being materially 
reduced. 











G. H. F. Norrau. 127 


On THE NumsBer or Ecos Lain By P. HUMANUS UNDER DIFFERENT 
ConDITIONS. 
OBSERVATIONS BY PREvious AUTHORS. 
I. _Corporis. 

The literature on lice contains statements of very unequal value 
in respect to the number of eggs which a female may lay. The text- 
books repeat the same misstatements from edition to edition and 
greatly underestimate the fecundity of the insect. For instance 
Railliet (1895, p. 827) states that they lay 70-80 eggs, and Eysell 
(1913, p. 48) gives the figure as 80. Recent writers, Heymann (8, vi. 
1915, p. 253; 18, vin. 1915, p. 306), Fiebiger (vi. 1915, p. 645) like 
many others, merely cite from text-books without acknowledging the 
source Of their information. 

Relatively few authors contribute original observations on the 
subject and the data they supply are frequently imperfect, either 
because the conditions under which the observations were made are 
not stated or because the lice were only kept under observation for 
a few days. 


The total number of eggs laid by a single female. 


(a) Under natural conditions. Leeuwenhoek (ed. 1807, pp. 163- 
169) placed 2 99 in a stocking on his leg, and after 6 days he killed 
and examined the ovaries of one of the insects. From the condition 
of the ovaries and the egg-counts he had made, he estimated that the 
female would have been capable of laying at least 100 eggs. 

(b) Under artificial conditions. Warburton (1910, pp. 23-27), 
who fed an isolated female twice daily and carried her on cloth in a 
tube on his person in the intervals, records that she lived 25 days and 
laid a total of 124 eggs. Sikora (vi. 1915, p. 528), in an experiment 
conducted under similar conditions to Warburton’s, found that 6 99? 
lived 21-45 days and laid 88, 81, 175, 194, 198 and 197 eggs respectively. 
Swellengrebel (1916, p. 12), without recording the conditions, saw 
a female lay 107 eggs. Bacot (11. 1917, pp. 236-239) records the total 
number of eggs laid by 6 99 which lived 23, 29, 30, 32, 32 and 34 days 
respectively and laid 118, 102, 180, 123, 172 and 150 eggs apiece. In 
his whole series the number laid ranged from 55 to 295 (maximum); 
the numbers I cite are the highest figures in his protocols. The average 
per female was 177. Bacot kept the females confined in cloth-lined 
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entomological boxes and they were afforded an opportunity of feeding 
through chiffon (covering the orifice of the box) during 6-7 hours in 
the 24. 

The number of eggs laid per day by a female. 

(a) Under natural conditions. There are only two observations to 
record from the literature under this heading. Leeuwenhoek (loc. cit.) 
allowed the two females with which he experimented to remain 6 days 
under the stocking on his leg, and found that they had laid 40 and 50+ 
eggs respectively during that period (average 6 and 8 eggs per day for 
each female). Wilder (1911, p. 87), like Leeuwenhoek, placed lice in 
a stocking, but he used a patient’s leg instead of his own; 70 99 with 
70 $3 were left beneath the stocking for two days and during that 
period laid 1000 eggs (average ca. 7 eggs per day for each female). In 
both of these observations the period of observation was limited, so 
that the figures do not represent a true average, for the whole laying 
period. 

(b) Under artificial conditions. Warburton (loc. cit.) records of 
1 2 that she laid 124 eggs in 25 days under conditions already referred 
to (average 5 eggs per day). Fantham (1912, p. 514) following War- 
burton’s method ( ?) states that a female lays 4—5 eggs per day; Widmann 
(vit. 1915, pp. 292-293) saw females lay 5-6 eggs per day for 12-14 
days; Swellengrebel (1916, p. 12) gives 3 eggs as the daily average. 
The last three authors do not state the conditions under which their 
observations were made. Sikora (vit. 1915, p. 528), under conditions 
similar to Warburton’s, found that a female laid 2-4 eggs daily for 
3-4 days, then 5-7-8 daily; one female laid 20 eggs in two days; on 
the approach of death only 2-4 eggs were laid per day. Bacot (1. 1917, 
pp. 243-244), under conditions already described above, found that 
females laid 3-5-6-4 eggs per day, averaging 5-1 during the whole 
oviposition period; whilst during a limited period of 8 days ca. 5 
females laid an average of 4-5-6-3 eggs per day. When they were given 
an opportunity of feeding for ca. 10 hours instead of 5-6 hours out of 
the 24, they laid an average of 8 eggs per day during a period of 8 days. 

Finally, 1 append the result of an unpublished observation by 
Mr L. Harrison in my laboratory. He fed 10 29 twice a day and 
maintained them isolated with as many males, at 30° C. in the ther- 
mostat between meals. During a period of 10 days they laid a total 
of 312 eggs, the averages per day per female ranging from 1-9 to 4:1. 
98 records of the number laid per day by each female show that 8 eggs 
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a day were only laid once, and that 7, 6, 5, 4, 3, 2, 1, and O eggs daily 
were laid respectively on 3, 5, 20, 18, 16, 11, 11, and 13 occasions. The 
observation, though incomplete, since it does not cover the whole 
oviposition period, shows the combined influence of limited nutrition 
and moderate temperature on the number of eggs laid. 


II. Capittis, 

Our information regarding head-lice is slight in respect to the 
number of eggs they lay. Railliet (1895, p. 825) states that a female 
laid about 50 eggs in 6 days (an average of 8-3 per day). Harding 
(1898, p. 95), Eysell (1913, p. 47) and other authors give the total 
at 50-60. No observations are recorded of the total number of eggs 
a female may lay under natural conditions. 

Bacot (11. 1917, pp. 246-248) kept the records of 20 29 maintained 
by him under conditions similar to clothes-lice but for the addition 
of hair in the boxes; of 20 99, 8 laid between 101 and 138 eggs, the 
others less; the daily average was 3-7. In one instance a maximum 
total of 141 eggs was attained. 

The number of eggs laid by head-lice under the foregoing experi- 
mental conditions is less than in the case of clothes-lice; but this 
affords no proof that they are less fertile. 


Toe NumBer oF Eacs Lain BY CORPORIS UNDER Naturat ConpiITIONS. 
Dairy AVERAGE AND TOTAL. 


In the following experiment, 2 33 and 2 99, on the day of their 
emergence from the third larval stage, were confined in a thick felt 
cell bandaged to my Laboratory Assistant’s arm as described on p. 105. 
The lice were the offspring of adults similarly confined wpon the arm, 
and raised in the cell from the egg to the adult stage. Throughout 
the experiment, the insects were only disturbed for a few minutes each 
day so as to permit of an inspection and count of the number of eggs or 
moults and a periodic removal of cast skins and filth. 

The adults moulted on 17. 11. 1916, Day 1 of the following protocol : 


ia: io. tt 2 es: & StF: CA ESRB eS 
QAlaid .. 0 2 10 11 12 1 1 9 1 10 10 lU1OlhlUflhlUlUd 
2Blid .. 0 3 1 MUU WwWi 98 2 § tL wb 8 lB8lUh 
Day... ... 16 17 18 19 20 21 22 23 24 25 26 27 28 29 
eee: Se oe a a ea ce ee ee is 
QBlid .. 9 11 9 11 109 9 WR gs 8 5 


Parasitology x 9 


oneness 
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On the 23rd day 2 A was found dead and crushed. Total eggs 203. 
Average 9-6. 

On the 29th day 9 Bdied. Total eggs 272. Average 9-7 per day. 

As the two females A and B were confined together, the eggs laid 
by each are apportioned equally in the protocol up to the death of 2 4; 
the day of death, in the case of the latter, is excluded in computing the 
daily average. 

One ¢ was lost on Day 7; the second 3 was found dead on Day 28. 

As far as I am aware this is the only experiment of the kind that 
has hitherto been carried out. The daily inspection showed that the 
adults fed frequently, imbibing small quantities of blood at each meal; 
the insects never gorged to repletion as they do when fed but twice or 
thrice a day. It is probable that lice which feed at frequent intervals 
assimilate their food better than others which gorge after more or less 
prolonged starvation. This, combined with the uniform conditions of 
temperature and moisture, explain the high total and average number 
of eggs they laid per day. Only one of Bacot’s results shows that a 
female may lay up to 295 eggs, otherwise the highest totals recorded 
by Sikora and by Bacot are 197 and 180. Both of these authors 
allowed the adults but limited opportunities of feeding, and although 
Bacot’s method is ingenious it is imperfect. The highest average 
numbers of eggs laid per day hitherto recorded for limited periods are 
those of Leeuwenhoek (8) and Wilder (7) in lice confined in a stocking 
worn on man; the highest average for one female recorded for the whole 
oviposition period by Bacot (6-4) is distinctly lower, and does not 
compare favourably with the average of 9-7 per day obtained by me 
with 2 B under natural conditions. I would add that an examination 
of the latter female soon after death revealed the presence of three small 
eggs in her ovaries. 

We may therefore conclude that under optimum natural conditions 
275-300 eggs represent the normal number of eggs which a female 
P. humanus is capable of laying, and that during the greater part of 
her oviposition period she lays 9-12 eggs a day, or an average of 9-7. 


Tue Numser or Eccs Laiw sy Cur/7/s in A WRISTLET. 


Although the wristlet method (see p. 107) cannot be stated to afford 
natural conditions, it has yielded results in striking contrast to those 
previously obtained in repeated attempts to raise capitis experimentally. 
The number of eggs laid per day by a female, as will be seen from the 
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appended protocols, is considerably greater than has previously been 
recorded, and it is to be attributed to the insects having had unlimited 
opportunities of feeding. 

The parents (1st generation)! of the lice experimented upon, when 
received from Mr Bacot, 2. vi. 1917, were placed in a wristlet where 
they laid eggs which yielded larvae that were raised to maturity in the 
wristlet. 

Expt. 1. 5 gg and 7 99 (2nd gen.) that emerged 18. vi. 17 (Day 1 
of the protocol) were isolated in a wristlet worn by my Laboratory 
Assistant (C. H.). The insects copulated on Day 1 and began to lay 
the day following: 


Day ose uo BES € SS 6 TFT 8B tS Be 
No. of eggs laid by 
7 9S -- O 1 42 5&7 53 5O 55 65 58 39 42 38 13 Total 513 


On the night of the 12th day of the experiment, my Laboratory 
Assistant unfortunately slept in bedding that contained naphthalene, 
with the result that the adult lice were found dead on the morning of 
the 13th day, only 13 eggs having been laid prior to the death of the 
insects during the night. In 10 days (Days 3-12) the females laid 
499 eggs; about 71 apiece or an average per day of 7-1. The appor- 
tioned numbers laid per day per female during the 10 days were roundly 
6, 8, 7, 7, 8, 9, 8, 5, 6, and 5. All the eggs found on the morning of the 
13th day hatched out normally, showing that the naphthalene, whilst 
killing the parents, had no effect upon the nits. 

Expt. 2. 2 33 and 3 99 (2nd gen.) that emerged 23. v1. 17 (Day 1 
of the protocol) were isolated in a wristlet worn by me. The insects 
copulated on Day 1 and began to oviposit next day as follows: 


Day... ow 2 See £€eOe THe eePrairF Mh 
No. of eggs laid 0 4 13 17 16 18 2 20 23 17 @ @ 17 1311 
i igi is ag i ptt i acremagiactiecegensd 
by 395 25 
Day os « 7 BH DM 2 
No. ofeggslaid 5 6 5 5 4 1 Total 275 
—— _ es 
by 1 


Whereas in the previous experiment all the adults died on the same 
day by accident, in this experiment the deaths occurred in succession, 
the two males died on the 10th and 12th, the 3 99 on the 12th, 16th 


1 Lot 210, obtained from a girl’s head, London. 


9—2 
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and 21st-22nd day. During the first 12 days 3 99 laid roughly 1, 4, 6, 
5, 6, 7, 7, 7, 6, 7, and 9 eggs apiece; during days 13-16 two 9° laid 
about 8, 7, 5, 7 eggs apiece: and during the following 5 days the 1 ¢ 
laid an average of 5 per day. It is unfortunate that the adults did not 
live longer. Their early death is attributed by me to the advent of 
warm weather. Although in a sense a failure, this experiment is of 
interest in its bearing on what is stated on pp. 87-90 regarding the 
seasonal incidence of lice. _A further trial of the wristlet method of 
raising capitis during cooler weather is in contemplation, as it seems 
reasonably certain that it will yield a larger total of eggs, the adults 
living longer. 


Tue PREFERENCE SHOWN BY C'ORPORIS FoR Layinc on CERTAIN Fasrics. 


That lice prefer certain fabrics to others as a habitat has been 
repeatedly stated. Thus Hase (cited by Miiller, 1915, p. 72) is reported 
to have made observations showing that they prefer rough felt-like 
woollen fabrics, and, next in order, loosely woven cotton and flannel; 
tightly woven linen, cotton, and silk being avoided unless no other 
fabrics are available. Hase (1915a cited. by Friedmann, 1916, pp. 
321-338) is also stated to have shown that lice definitely object to silk, 
since, under otherwise similar conditions, they lay eggs on wool in 24 
hours but only after some days on silk. Friedmann (1916, p. 325) 
placed lice in dishes containing strips of various fabrics and reported 
that the insects always sought wool in preference to silk; and, given 
the choice between silk and wool, they always oviposited on wool. 
In view of these statements it appeared desirable to make further experi- 
ments. 

To test the behaviour of female lice with regard to their preference 
for certain fabrics to the exclusion of others for the purpose of oviposi- 
tion, a simple mode of experimentation was devised. Pieces of the 
different fabrics to be tested were cut of uniform size (ca. 2-5 x 1 em.) 
and laid radially, like the numbers on a watch dial, upon the floor of 
a glass dish 10 cm. in diameter. The pieces of fabric were surrounded 
on all sides by an area of glass. The lice, after being fed, that is, twice 
a day, were put in the centre of the dish upon the glass, whence they 
wandered about at will in the darkness of a thermostat maintained 
at 32°C. 

Expt. 1. Four females with males were placed in the dish with 
five pieces of fabric. After 72 hours they had laid 
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24 eggs on blue felt, 
9 ,, ,, white silk tricot, 
6 ,, ,, smooth white silk (old handkerchief), 
4 ,, ,, glossy black silk tricot (thin stocking), 
0 ,, ,, black sateen. 


The last fabric on the list, the black sateen, has been used for some 
years in the laboratory for lice to oviposit upon: they lay readily upon 
it in the absence of other fabrics. 

Expt. 2. A similar number of lice were placed in a dish with seven 


pieces of fabric. After 48 hours they had laid 
15 eggs on blue felt, 
white silk tricot, 
thick shaggy blue cloth 
grey cloth | 


” ” 


“+d - woollen 
thin brown cloth 7 


smooth blue cloth 
0 ,, ,, smooth white silk. 


” ” 


5) 
7 
5) 
SP « ww 
5 
1 % 


Expt. 3. Five females were placed in a dish, 12 cm. in diameter, 
containing 10 pieces of fabric, five of which were smooth and five more 
or less rough; the rough and smooth fabrics were arranged alternately. 
After 24 hours they had laid 


19 eggs on white flannelette bandage 

2 ,, ,, thick bright green baize | 

0 ,, ,, dark blue cloth, shaggy r rough fabrics, 
0 ,, ,, thin grey flannel | 

0 ,, ,, cotton tricot, black stocking 

—_—are .. drill, thick and smooth 

2 km ,, loosely woven | 

0 ,, ,, linen, coarse, unbleached ‘ smooth fabrics. 
a a ,, finely woven, smooth 

0 ,, ,, silk, smooth white, thin 


Nearly all the eggs were laid on the flannelette from which most 
fine fibres projected; next in order came the baize with many coarse 
fibres projecting; the shaggy blue cloth was the same used in Expt. 2, 
where it attracted but few lice; the lice missed this and the thin flannel, 
and no eggs were laid on the rest, five of these fabrics being smooth. 
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The colour of the fabrics exerted no influence, for the insects were 
kept in the dark. The essentiai factor governing selection is apparently 
the texture of the fabrics, the ones selected being those affording the 
best foothold combined with interstices and irregularities of surface 
and especially the presence of numerous fibres to which and amongst 
which the eggs can easily be cemented. Felt and flannelette were 
the most preferred, whereas silk is by no means avoided; in fact silk 
tricot stands second on the list. Smooth materials are as a rule not 
selected, but lice will lay even on black sateen and smooth silk, espe- 
cially when choice is limited. 


Tae Numser or Eces Lam on Hair aS COMPARED TO CLOTH BY 
CORPORIS AND CAPITIS. 

That clothes-lice may lay on hair was first recorded by Sikora 
(vil. 1915, p. 524); although I had established this before in experi- 
ments with artificial scalps made of hairs planted in hard paraffin 
and had found eggs laid on hair most convenient for testing the effect 
of insecticides upon them. 


BAcoT’s OBSERVATIONS. 

The statement of Bacot (11. 1917, pp. 231-232) that corporis and 
capitis behave differently, when given a choice between cloth and hair 
upon which to oviposit, is of interest as indicating a biological difference 
between them. 

According to Bacot corporis seldom if ever lays eggs on hair if cloth 
is available: (1) In one experiment, 2 or 3 992 were confined in a 
breeding box containing hair 2-3 cm. long, but no cloth; during a 
period of 3 days they laid 35 eggs of which 21 were attached to two or 
more hairs, especially (in 60 °%) where hairs crossed each other; 4 were 
fixed to single hairs; 9 were fixed to the gauze cover, and 1 was attached 
to the hairs and box. (2) In a second experiment with flannel and 
hairs contained in a box, the females laid 44 eggs on flannel and 56 eggs 
on hair; Bacot refers this result to the matted arrangement of the 
hairs in the box. Bacot subsequently reported (1v, 1917, p. 63) 
that when corporis are given a choice between flannel and hair, they 
will lay 80 % of their eggs on flannel. He gives the protocols of two 
experiments (III, IV) made with two lots of 12 29 in a bpx containing 
flannel and hair. Box (A) contained females bred from eggs laid on hair, 
and box (B) such as had been raised on flannel. The result, after five 
days, was as follows: 
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Box A contained Box B contained 
No. of eggs on flannel 320 (89 %) 340 (99 %) 
a » hair 38 0 
” » gauze 1 4 
359 344 


The results with capitis were different. Bacot (1. 1917, pp. 231-232) 
states that the latter will sometimes lay eggs on cloth in the presence 
of hair; a fact I had also established. (1) In one experiment, he placed 
some females in a box with hairs only; they laid 36 eggs in 3 days, 
all on hair: 28 on single hairs, 6 on two hairs, and 2 on three hairs. 
(2) In a second experiment some females were placed in a box with 
hair and flannel; they laid 92 eggs on hair and 8 on flannel. Bacot 
subsequently (1v. 1917, p. 63) stated that given a choice of hair and 
flannel, capitis will lay 80 % of her eggs on hair. He reports two 
experiments (III, IV) in which two lots of 12 92 were put in boxes 
containing hair and flannel. Box (A’) contained females bred from eggs 
laid on hair, and box (B’) such as had been raised on flannel. The 
result after 5 days was as follows: 


30x A’ contained Box B’ contained 
No. of eggs on hair 259 (95 %) 332 (98 %) 
= » flannel 14 4 (2 “near flannel’’) 
es » gauze l 4 
274 340 


Bacot (11. 1917, pp. 231-2) has moreover stated that corporis females 
“appear to be less skilful in cementing, or careful in getting the long 
axis of the egg into alignment with the hair. When forced to lay on 
hair they not infrequently attach the egg at an angle to the axis of the 
hair.” He cites an observation wherein of 25 eggs laid on hair in a box, 
21 were “cemented to two or more hairs, the females having apparently 
searched for positions where the hairs crossed or ran parallel to each 
other so as to avoid attachment to single hairs.” It will be seen that 
my results do not agree with those of Bacot in this respect. 

These experiments appeared to me to call for repetition under 
somewhat modified conditions to be more precisely defined especially 
with regard to the arrangement of the test hair and cloth and the 
equalizing of the proportions of each. 


1 For observations on oviposition in hybrids of corporis and capitis, see Bacdt, 11. 1917, 


pp. 253 et seq. 
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THe AuTHOR’S OBSERVATIONS. 


The following experiments were designed to control those of Bacot 
above described. The lice were fed twice daily and kept at 32° C. 
Stated briefly, Bacot’s conclusions were (a) that corporis seldom if 
ever lays eggs on hair in the presence of cloth; (b) that capitis almost 
invariably lays eggs on hair in preference to cloth; (ce) that corporis is 
less expert than capitis in the manner of ovipositing on hair. These 
statements will be considered in the same order as follows: 

(a) Does corporis lay on cloth in preference to hair? Three experi- 
ments were carried out to answer this question : 

Expt. 1. A thin brush of human hair was constructed by gumming 
a row of hairs between strips of paper fixed upon a piece of glass measur- 
ing 3 x 4 an inch, the hairs projecting half an inch. A piece of woollen 
cloth measuring 3 = } an inch was laid upon the paper on the glass, con- 
sequently the surfaces of cloth and hair, viewed from one side, possessed 
the same superficial area (see Fig. 6D, p. 123). Two lots of corporis 
29 were placed respectively on two of these apparatus, and after 48 
hours they had laid (A) 18 eggs on cloth and 12 on hair; (B) 10 eggs 
on cloth and 11 on hair. 

Expt. 2. A long knotted thread of human hair was wound around 
three fingers and knotted in the centre (Fig. 6 B). The skein of hair 
was laid on the floor of a cell (Fig. 6 A) and a piece of felt the size of a 
slide laid upon it. Several corporis 29° were placed in the cell and after 
24 hours they had laid 9 eggs on felt and 18 on hair. 

Expt. 3. A hair-frame (Fig. 6 C) was placed in a cell with a piece 
of cloth resting upon it. Several corporis 29 after 5 days had laid 9 
eggs on the cloth and 86 on hairs. 

Taking the total number of eggs laid in the three experiments, 
there were 46 deposited on cloth or felt and 127 on hair. The relative 
number deposited on cloth and hair differed considerably in each 
experiment, nevertheless the results do not confirm Bacot’s statement 
that corporis seldom lays eggs on hair in the presence of cloth; in fact 
they preferred hair to cloth. 

(6) Does capitis lay on hair in preference to cloth? Three parallel 
experiments to the foregoing were performed: 

Expl. 1’. The 29, after 48 hours, had laid 33 eggs on hair and 4 
on cloth. 

Expt. 2’. The 929, after 24 hours, had laid 10 eggs on hair and 0 
on felt. 
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Expt. 3’. The 99, after 5 days, had laid 114 eggs on hair and 10 on 
cloth. 

The total for the three experiments was 157 eggs laid on hair and 
14 laid on cloth or felt. This result strongly bears out Bacot’s con- 
tention that capitis shows a very marked preference for laying on hair. 

(c) Does corporis attach her eggs to hair in a different manner to 
capitis? The statement by Bacot (26. m. 1917, pp. 231-232) that 
corporis lays its eggs on hair less skilfully than capitis is contrary to my 
experience during the last two years; I had failed to notice any differ- 
ence of the kind in hundreds of eggs laid on hair. From what has 
been said of the function of the gonopods which serve to bring the egg 
into alignment upon a hair, it seemed to me incredible that there 
should be such a difference. I had also failed to observe any greater 
tendency in corporis than capitis to oviposit on two or more hairs at 
once or at the intersection of hairs, and therefore concluded, on reading 
Bacot’s paper, that he was misled by a subjective impression. To 
exclude this source of error some counts were made of eggs laid on hair, 
the result being as follows: 

(1) Regarding the alignment of the eggs on hairs: (a) Some hairs 
bearing eggs of corporis, dating from older experiments, were reexamined. 
The females had laid the eggs on fine ladies’ hair placed in small quan- 
tity, haphazard in a tube containing the insects. Out of a total of 
79 eggs, only 4 were not in perfect alignment and one of these was 
misplaced through contact with a previously laid egg. (6) In Expts. 
3, 3’, previously described as conducted on hair-frames, corporis laid 
86 eggs of which 2 were out of alignment, and capitis laid 114 on hairs 
of which 2 were out of alignment. (c) In another case, corporis laid 
61 eggs, 9 thereof being out of alignment. 

The slight differences observed would appear at first sight to support 
Bacot’s view, but closer inspection showed that eggs laid out of align- 
ment were usually placed alongside of others that had been laid pre- 
viously. Out of 11 corporis eggs out of alignment only one was not in 
contact with other eggs; of 2 capitis eggs one was in such contact 
and one isolated. When an egg is laid in contact with others whose 
cement has hardened, it may well be misplaced to one side without 
this being due to any fault of the insect. In the experiment with 
capitis, the eggs were laid somewhat further apart than with corporis, 
which circumstance also explains why fewer were out of alignment. 
A subsequent examination of 476 capitis and 356 corporis eggs, laid on hair- 
grids, gave concordant results, and it was again noticed that corporis laid its 





4 





138 Biology of Pediculus humanus 


eggs somewhat more closely aggregated. I therefore conclude that there 
is no difference in the matter of alignment of eggs deposited by the lice. 

(2) Regarding the laying of eggs on two or more hairs and at the 
intersection of hairs: Bacot (loc. cit., Fig. 4) states that corporis lays 
more eggs at the intersection of hairs than does capitis under experi- 
mental conditions. A count of eggs laid on hair-frames and skeins 
of hair in my experiments showed no such difference. Thus out of 
110 eggs laid by corporis there were 6 laid where hairs crossed; out of 
117 eggs laid by capitis there were 7 laid where hairs crossed. On looking 
over nit-bearing hairs preserved from old experiments as examples 
of the oviposition of corporis on hairs, placed haphazard in a tube, 
a count revealed that of a total of 79 eggs, 57 were laid on single hairs, 
14 upon two fine hairs which lay closely in contact and 4 at the intersec- 
tion of two hairs. The haphazard arrangement of hairs in boxes would 
therefore appear to have misled Bacot. To test the matter the arrange- 
ment of the hairs should be strictly comparable. When hairs are 
placed loosely in a vessel, they will continually shift about owing to 
the movements of the insects, and uncontrollably irregular results must 
follow. When two fine hairs happen to lie closely apposed they are 
grasped by the gonopods as if they were one hair, this (Bacot, loc. cit. 
Fig. 3), like the occasional deposition of eggs on the glass surface of the 
cell, may happen with capitis as well as corporis. 


Tue * Homine Instinct’? IN RESPECT TO OvIPosITION. 


Whereas I have frequently observed that corporis lays eggs about 
one spot on a piece of cloth, the subject received no particular attention 
until the appearance of Bacot’s paper (11. 1917, p. 232) wherein he 
refers to this tendency. Finding it difficult to enumerate the eggs 
laid by a female when they were ranged close together, Bacot sought 
to persuade the female to lay elsewhere by shifting the piece of cloth 
about within the breeding box in which she was confined. He states 
that as a rule he was unsuccessful, “there seemed to be some attraction 
which led to the deposit of fresh eggs where others were already laid.” 
Although he does not specifically state that he observed the tendency 
in isolated females, it may be assumed that he did so. The tendency 
is said to be less marked in capitis. 

As the presence of such an instinct in lice is of interest, I resolved 
to repeat Bacot’s experiment under somewhat altered conditions in so 
far as a larger piece of cloth was chosen, and an isolated female (without 
a male) was allowed to wander about upon it. 
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(A) Corporis. 

Expt. 1 (20-24. 1. 1917). A square of thick dark blue woollen 
cloth, rough on one side and smooth on the other, measuring 7-5 = 6 cm., 
was placed rough side up upon the bottom of a circular g 
corresponding size. Asmall platform of glass, measuring ca. 1 < 1-5 cm., 
was laid in the centre of the cloth and the orientation of the latter noted. 


A B 


lass dish of 





c c : d 


Fig. 8. Itlustrating the experiment on “homing instinct” in regard to oviposition in 
Pediculus humanus (corporis) described in the text. (A) the smooth and (4) the 
rough side of the cloth. Natural size. 


In the accompanying figure (Fig. 8) the smooth underside of the 
cloth is indicated by the letter A, the rough upper side by the letter B. 
The female was fed twice daily, being removed from the cloth for the 
purpose. After each feeding she was replaced upon the platform and 
returned to the thermostat maintained at 32°C. The cloth, whose 
corners are marked a, b, c, d in the figure, was inspected twice daily 
whilst the female was being fed. 
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The resylt was striking. During the first 24 hours, although replaced 
three times upon the platform, she laid 6 eggs in succession at one 
spot midway along the under margin of the cloth, at X, along the side 
a—d, In the second 24 hours she laid 7 more eggs at spot X, the 
area dotted with eggs being about 0-5 cm. across; 2 eggs were laid 
apart close under the edge of the cloth along the side d—c, and 1 was 
laid near the middle of the upper surface B. The cloth was now reversed, 
the rough side B being undermost, whereby the eggs at X appeared 
uppermost. In the third 24 hours, one more egg was laid at X (making 
a total there of 14), 4 were laid on the (now) under surface of the 
cloth B along margin c—d in an area denoted by Y. In the fourth 
24 hours 7 more eggs were laid at Y and 1 was laid on surface A 
near ¢. 

Expt. 1 (continued). The female having been removed from the 
cloth, the latter, with only the eggs upon it, was returned to the ther- 
mostat for two days. Beginning on 26. m1. 17, the rough side (B) of 
the cloth being uppermost, another female was placed on the platform ; 
during the following 24 hours she laid 1 egg at X and 1 egg at Y. A 
third female was now placed on the platform and during the following 
24 hours she laid 6 eggs at X (underside) and 1 near the platform on 
the upper surface B. 

At the end of the experiment, out of a total of 38 eggs, 21 had been 
laid at X, and 12 at Y along margin c—d, 3 along margin d—c on the 
surface opposite to Y, and only 2 were scattered elsewhere. 

It is certain, therefore, as Bacot indicated, that corporis females 
show a marked tendency to return and oviposit on the same spot where 
eggs have been laid by themselves. My experiment shows, that a 
female will select a spot previously chosen by another female, and 
the reversal of the cloth showed that the tendency to creep beneath 
a cloth to lay to a great extent overcomes the tendency to return to 
the same spot if the spot is put uppermost. 


B. Capitis. 


Bacot (loc. cit.) states that the “homing instinct” with regard to 
Oviposition is less marked in capitis than in corporis. I have subjected 
the statement to the test of enumeration in two comparative experiments. 
I. (a) Some capitis laid 114 eggs on a hair-frame; nearly all were 
aggregated in two areas at one side and at one end of the frame, 71 
eggs being laid on 4 adjoining parallel hairs alone. (b) In a parallel 
experiment with corporis, 95 eggs were laid, mostly in one area, 81 
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being attached close together on 6 parallel hairs. II. (c) Some capitis, 
in a wristlet, laid 476 eggs on 8 hair-grids, chiefly on certain hairs, but 
the eggs were mostly separated by distinct intervals. (d) Some corporis, 
in the thermostat at 31°C., laid 356 eggs on 4 hair-grids, many of 
these were in close aggregations, but many were scattered as in capitis. 

It would appear therefore that corporis, under experimental con- 
ditions, tends to lay its eggs more closely aggregated than does capitis. 
Nevertheless, as shown in Fig. 5 (p. 122), capitis at times packs its 
eggs very closely under natural conditions, therefore the difference is 
inconstant. 

Tue Layinc oF UNFERTILIZED Eaos. 

That lice lay unfertilized eggs has been repeatedly observed; in 
the absence of a male they will lay numerous eggs which soon shrivel 
up. Oviposition continues, therefore, irrespective of fecundation as 
Bacot has also observed. The number of unfecundated eggs laid by 
a female is governed by the same conditions affecting fertile eggs; 
unfertilized or fertile eggs may be laid beginning about 24 hours after 
the emergence of the female from the third larval skin. 

Hindle, Harrison and myself have failed to obtain any evidence of 
the existence of parthenogenesis in lice. 


SUMMARY REGARDING OVIPOSITION. 


1. The temperature at which lice are maintained greatly influences 
oviposition. They do not lay at a temperature below 20°C.; the 
optimum lies at about 32°C., although they will lay at 37°C. Infested 
persons who remove their clothing at night, as practical experience 
has shown, become less heavily infested than persons wearing their 
clothing continuously, because the periodic cooling of the clothing 
and the therein contained lice necessarily leads to the insects’ progeny 
being restricted. 

2. The fertility of Pediculus humanus (corporis) has been greatly 
underestimated. Under optimum natural conditions a female may 
lay 275 to 300 eggs; the average number laid per day during the whole 
oviposition period being about 10. 

Two experiments made with the wristlet method (see p. 107) 
indicate that capitis may lay more eggs than has hitherto been supposed, 
the females having laid up to 8 and 9 eggs apiece on some days. 

3. Oviposition. usually begins 24-36 hours after the adult female 
emerges from the third larval skin. The eggs may be either fertilized 
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or unfertilized, and the number laid in either case is equally influenced 
by the conditions of temperature and nutrition affecting the female. 

4. Lice that are confined continuously on the body do not gorge 
as they do when fed at longer intervals; by partaking of frequent 
small meals of blood they will doubtless assimilate their food better 
and this may account for their laying more eggs. 

5. It may be mentioned incidentally that there is no evidence of 
the occurrence of parthenogenesis in lice. Unfertilized eggs, in my 
experience, invariably shrivel up soon after they are laid. 

6. The process of oviposition in P. humanus is described for the 
first time in this paper. (This is extraordinary considering the length 
of time the insect has been known to man!) It is shown that the gono- 
pods, whose function has not hitherto been known, serve to clasp 
human hair upon which the insect oviposits; without these organs 
she could not lay eggs on hair in proper alignment, such alignment 
being an important safeguard in preventing injury to the eggs and 
thus maintaining the species in nature; the gonopods constitute a 
special adaptation to a phase of its parasitic life. 

The egg, whilst in the ovary, has its operculum directed toward 
the head of the female; it issues from the vagina with its pointed 
end first. The egg is asymmetric, its ventral contour, seen in profile, 
being flattened. The ventral surface of the egg glides out upon the 
ventral wall of the vagina and thence upon the hair or other support 
upon which the insect oviposits. To bring the gonopods into play, 
the female walks backward along the hair, flexing the gonopods upon 
it; the latter then slide down about the hair to whose dimensions 
they are closely adapted. The expulsion of the egg follows a few 
moments after the gonopods have clasped the hair; the expulsion 
taking place in the fraction of a second, after which the female 
promptly walks forward, away from the egg, releases the hair from 
the grip of the gonopods, and seeks a place of rest. The gonopods 
fdcilitate the deposition of eggs on filamentous fabrics, but neces- 
sarily function imperfectly on fabrics, being primarily organs for 
the performance of oviposition on human hair. The cement, which 
attaches the hair to its support, issues before the anterior broad portion of 
the egg has emerged, and, flowing about its posterior end and the hair, or 
fabric, hardens rapidly. The cement behaves like chitin in its resistance 
to the effects of chemical agents, the latter destroy the hair or fabric 
before affecting the chitinous eggshell and its cement. The orientation 
of the egg upon the hair or substratum is such that the young louse 
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in issuing readily seizes the hair or cloth as it emerges; the ventral 
surface of the larva coincides with the ventral surface of the egg and 
the operculum usually springs open ventrally. 

7. Lice prefer to lay on horizontal than on vertical surfaces of cloth ; 
they greatly prefer to lay on the under surface of fabrics resting on or 
near glass; when confined between two approximately horizontal layers 
of fabric, the interspace between these allowing the insects the freest 
movement, they lay about equally well on the upper and under surfaces. 

8. P. humanus (corporis) shows a marked preference for laying 
on felt and rough filamentous fabrics such as wool or flannelette. They 
will, however, lay readily on silk tricot. They can oviposit on the 
smoothest fabrics (sateen, silk, etc.) but on the whole avoid them 
because they afford an imperfect foothold. 

9. Under experimental conditions, when given a choice between 
cloth and hair, corporis preferred to lay on hair than on cloth, this 
being contrary to the result of Bacot’s experiments; capitis on the other 
hand, in one lot tested, showed a more marked preference for hair. 
The difference observed was only one of degree and it appears premature 
to draw final conclusions either from Bacot’s or my experiments; a 
larger series of experiments upon a number of different strains of 
corporis and eapitis should be carried out under the more exact conditions 
laid down in this paper. If such a series of experiments proves that 
there is a constant difference, which I am inclined to doubt, it does 
not follow that such a difference is specific. 

10. Contrary to Bacot, my experiments reveal no difference 
between corporis and capitis in the mode of oviposition on hair, in so 
far as concerns (a) the alignment of the eggs on hair and (b) the laying 
of eggs at the intersection of hairs or on several hairs at a time. 

11. The observation of Bacot, that corporis shows a marked 
tendency to oviposit -where eggs have been previously laid, is con- 
firmed. Experiments with capitis indicate that this tendency is perhaps 
a little less marked than in corporis, but it is inconstant. 


HATCHING. 
THE TIME AND TEMPERATURE CONDITIONS REQUIRED FOR THE 
HATCHING OF THE NITS. 
(a) Corporis. 
There is no evidence that eggs maintained at 22°C. or under are 
capable of hatching. Eggs kept at the following temperatures have 
failed to hatch: 8-10°C. (Hindle ms.); 10°C., observation period of 
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53 days (Nuttall); 15° C. (Hindle and Harrison mss.); 16° C., constant 


(Sikora!) ; 
6-10 


period 21 days (Hase*); 22°C. 


22° C. (Hindle s.). 


15-6-18-4> C., dry, observation period 
at night and 20°C. by day (Sikora); 
, observation period 54 days (Nuttall) ; 


24 days (Bacot?); 
12-20° C., observation 


The observations recorded by the following authors are therefore 
erroneous, namely, that eggs hatch at 20°C. in 7 days, tested on 


3 eggs (Widmann’) ; 


temperature” 
(Legroux’). 


at 20° C. 


in 10-12 days (Heymann®); at “room 
in 4-6 days (Wulker*); at 16—-18°C. “they rarely hatch”’ 


The following table records the observations of different authors, 
arranged in accordance with the temperatures at which the eggs were 


maintained prior to hatching being observed: 


Temperature at which 


eggs were kept, ° C. 


After 13 days at 10°, they 
were placed at 26-30 

After 2 days at 0°, they 
were placed at 26-30 


25°, constant 


28°, damp ... 

? 28 aes 
30°, constant, dry 
In coat pocket 

32°, constant, dry 
In tube near body 


35 see 
35°, on man’s body 
ca. 35°, on man’s arm 
In stocking on leg 
Near the body 

In bag under armpit 
36-1°. dry 

37°, damp ... 

WT ee , 
37°, dry, constant 
SO” nas 

40-45 


1 Sikora, vii. 1915, p. 529. 
by Miiller, 1915. 
6 Wuiker, 1915, p. 628. 
pp. 1636-1638. 


4 Widmann, vu. 1915, p. 293. 


Eggs hatched after 


10 days 


iS 

a 

8-10 days 

8-10 ,, 

634-7 ,, 

7 days ome se 
7-15 days, mostly 11-15 days 
7-14 days, mostly 11-13 days 
8 days : 
7-8 days usually 


8 days 


6-8 days 
5 days... 
6-8 days 
4-8 
5-6 or 

5-7 days, rarely 5 days 

4-7 days, mostly 5-6 days ... 
8 days 

died 


* Bacot, u. 1917, p. 248. 
5 Heymann, 18. vin. 1915, p. 305. 


Authority and remarks 
Widmann! (6 nits) 


(5 nits) 
Sikora! 
Legroux*(saidtobe optimum) 
Hase* 
Widmann! 
Nicolle, Blaizot and Conseil? 
Swellengrebel, 1916, p. 4 
Nuttall 
Nocht and Halberkann® 
Nuttall 
Warburton, 1911, p. 25 (8 
nits) 
Widmann! (3 nits) 
Sikora! 
Nuttall (the first of many) 
Wilder, 1911, p. 87 (many) 
Nocht and Halberkann® 
Peacock, 1916, p. 39 (6 nits) 
Bacot? (143 hatched) 
Nocht and Halberkann® 
Hase* 
Nuttall 
Widmann! 
Sikora! 


3 Hase, 1915, p. 22, cited 


? Nicolle, Blaizot and Conseil, 1912, pp. 110-192; vi. 1912, 


8 Nocht and Halberkann, 1915, p. 626. 


® Legroux, 1915, p. 470. 
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Some authors, without mentioning the conditions, state that eggs hatch as follows: 
In 3-8 days (Railliet, 1895, 827); 5-6 days (Fantham, 1912, p. 514); 6 days rarely in 4 
(Jeanneret-Minkine, 1915, p. 126); rarely in 5 days usually in 6 (Hase, 1916, abstract); 
8 days (Fiebiger, 1915, p. 657; vu. 1915, p. 645); Eysell (1913, p. 48) asserts that corporis 
eggs hatch in 3-4 days, and appears to be the not-cited authority for the similar statements 
of Prowazek (1. 1915, p. 67), Fasal (11. 1915, p. 225), Heymann (111. 1915, p. 253), Nocht 
and Halberkann (v. 1915, p. 626); Eysell is perhaps quoting from Railliet, but there is no 
evidence that either author made original investigations. I have only once seen an egg 
hatch in 4 days, at 37° C., and no recent observer has seen hatching in 3 days. 


The following are the only detailed experiments that have been 
carried out to my knowledge on corporis eggs of accurately determined 


age: 
No. of Temp. of 
eggs that thermostat Hatching occurred after days 
hatched in °C. tS @TFtTe¢etsonwent wBvBwe iu 
1283 30°damp — — — 3 56 33 8 0:2%— — — _Bacot, m1. 
1917, p. 248 
160 30°, dry -— —— — g§ 46 92 11 2 — Hindle ms. 
105 30°, dry, - - — 1 3 2 6 3 41 10 7 = Nuttall 
constant Expt. 11. 16 
93 37°, dry, 1 36 54 2 -—_-— — — - Nuttall 
constant Expt. v. 16 


The observations recorded in the foregoing table show that eggs 
laid on the same day may take a variable time to undergo development. 
This is also shown by my experiments on capitis. Incidentally they 
disprove the statement by Sikora (vii. 1915, p. 529) that there is great 
uniformity in the hatching period of eggs of the same age. 


(b) Capitis. 


These lice were raised by the wristlet method, as described on p. 107. 


No, of 
eggs that Hatching occurred after days 
hatched Temp. ° C. 5 6 7 8 9 10 
103. = 32-35° on wrist 4 23 60 I4 2— Nuttall, Expt. vi. 17 
244 «930-33°,inbagon — 23 166 51 3 1 so Expt. b. vu. 17 
neck, warmer 94% 68%.20°9% 1°2% 04% 
weather 
500 Ditto, cooler — 7 307 167 19 — = Expt. a. vil. 17 
weather 14% 61°4% 33°4% 3°3% 


Without giving any particulars, Railliet (1895, p. 825) states that capitis eggs hatch 
in 5-6 days; Eysell (1913, p. 47), who perhaps intends to quote Railliet, gives 6 days 
as the hatching period. There is no evidence that either author made personal 
observations. 


Parasitology x 10 
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DELAYED HATCHING. 


Under certain circumstances, the hatching of the eggs of corporis 
may be considerably delayed, and it is of practical importance to know 
this. The following observations serve as examples of delayed 
hatching: 


Conditions affecting the eggs Eggs hatched after Authority 
After 8 days in tube near body, 8 
of 24 having hatched, the re- 
maining 16 were kept in waist- 
coat pocket, worn by day, hung 


up at ca. 0° C. by night ... over 4 weeks ... eck ... Warburton, 1911 
Alternately at 30° C. and 8-10° C. 
for periods of 24 hours ... 33 and 35 days : Nuttall 


(Only 4 hatched out of many; 
3 hatched 33rd day, 1 on 
35th day. None before or 
after) 
Alternately at 30° and at ca. 10 
C. for periods of 12 hours _.... 26 and 27 days swe wae 
(Only 4 hatched out of many. 
None before or after) 
At 24-5° C., damp és » a few hatched up to 23 days Bacot, 1. 1917, p. 248 
Alternately at 37° C. and at ca. 8 
C. for periods of 12 hours... only 20ut of many,in1l6days Nuttall 
Alternately at 37° and ca. 14°C. 


for periods of 12 hours only 4 out of many, in 15 days 


After 2-3 weeks at 9°C., trans- 15 days oss oe .. Heymann, 18. vii. 
ferred to “favourable tempera- 1915, p. 305 
ture” 

After 24 hours at -10°, trans- 17 days (6 eggs) _ ... Widmann, vir. 1915, 
ferred to 26-30°C. ... von p- 293 


The following authors’ records of delayed hatching do not state the conditions: 6 weeks 
(Fantham, 1912, p. 514); 18 days (Nocht and Halberkann, 1915, p. 626); 21 days (Zupnik, 
1915, p. 564); 18-22-30 days (Swellengrebel, 1916, p. 4). 

In Bacot’s and my experiments the time is reckoned from the day the nits were laid. 


SUMMARY RELATING TO THE TIME REQUIRED FOR HATCHING. 


Corporis eggs do not hatch at 22° C. or below; a favourable tempera- 
ture is attained at about 25°C., but development is slow, lasting 16 
days; at 30°C., hatching occurs in 7-14 days, mostly in 11-13 days; 
at ca. 35° C., the eggs being kept near the human body, hatching occurs 
in 6-8 days; at 36-37°C., hatching occurs in 4-8 days, mostly in 5-6 
days; at 38°C., hatching is slightly retarded, and the eggs die without 
hatching when kept at 40-45°C. Eggs do not hatch before the 4th 
day under any circumstances. Most of the eggs laid on the same day 
hatch within 48 hours of each other, but they may hatch during 4-8 
days, there is therefore no great uniformity in the hatching period. 
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Under certain conditions (specified in the foregoing table) hatching may 
be delayed up to 35 days. 

Capitis eggs hatched on the wrist at 32-35° C. in 5-9 days, mostly 
(60 %) in 7 days. When carried near the body at 30-35° C., in warm 
weather, they hatched in 6-10 days, mostly (68 %) in 7 days; under 
the same conditions, in slightly cooler weather, they hatched in 6-9 
days, mostly (61%) in 7 days. The influence of slight variations in 
temperature is well brought out in the protocols (see p. 145). 


DEVELOPMENT OF THE LARVA IN THE EGG. 


The following description relates merely to the changes that can be 
observed with a low magnification. Certain details relating to histology 
will be considered elsewhere. The freshly laid egg, when viewed by 
transmitted light, appears almost transparent and faintly yellow; 
the contents fill the shell and are finely granular (Fig. 9,1). Assuming 
that an egg is placed at a temperature which allows of its development 
so that it hatches in six days, the following changes can be observed 
to take place through the egg-shell when the nit is viewed in a living 
condition : 

2nd day. Segmentation has begun. Round yolk-masses of variable 
size are formed and their number increases; they are best seen by 
oblique illumination (Fig. 9, 2 and 3), 

3rd day. Slightly opaque milky areas appear along one side and 
basally (4) and the limbs begin to form (5), the yolk masses fade and the 
body becomes defined, a clear space appearing basally in the shell. 

4th day. The body and limbs become more clearly defined (Fig. 9, 6), 
the eyes become visible as two irregular pinkish antero-lateral spots. 

5th day. When closely viewed, periodic pumping movements of the 
pharynx are observable. The stigmata may be seen, the claws and 
eyes are darker. The egg as a whole appears more yellowish brown 
and the eyes reddish. There may be slight movements of the limbs 
(Fig. 9, 7). Occasionally bubbles may be seen in the fluid in which the 
larva floats; they at times escape upward along the venter of the larva 
and pass over its head toward the operculum. The shell shows shrink- 
age, there being two long shallow spoon-shaped depressions seen postero- 
laterally; this shrinkage is very different from the total collapse seen 
on the first and second day in sterile incubated eggs. 

6th day. The shell appears more hollowed at the sides. The 
pharyngeal pumping movements are more frequent, and bubbles of 

10—2 
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air are seen passing back from a large bubble in front of the mouth 
into the pharynx (Fig. 9, 8) and onward into the gut. This air passes 
in by diffusion through the operculum. The air accumulates in the 
gut and is forced backward and out through the anus and accumulates 
to form an air-cushion behind the larva, pushing it more and more 
against the operculum. The play of the pumping muscles of the 
pharynx can be seen in the head. The eyes are now jet black and 
circular. The head is pressed against the operculum, and with the 
anterior part of the thorax, is strongly flexed ventrally, the palps 
lying between the basal segments of the forelegs. Fig. 9, 14, shows a 
larva at this stage drawn immediately after its removal from the shell ; 
a bubble is seen in its pharynx, and another large bubble in its midgut 
to the right of the circular dise-like organ which lies in a depression of 
the ventral surface of the midgut. 


THE MANNER IN WHICH THE LARVA ISSUES FROM THE Eaa. 


When the larva is ready to emerge, it begins to pump in air very 
rapidly, the bubbles being distinctly seen through the transparent 
glassy shell as they pass backward into the gut. When the pumping 
begins the larva fills the upper three-quarters of the shell, and as the 
air accumulates inside the gut, the end of the abdomen extends down- 
ward and finally impinges upon the base of the shell. If the micropyle 
apparatus is occluded by means of glycerine or oil, the pumping ceases 
and the insect dies. As the air expelled from the anus accumulates 
behind, the larva is pushed against the operculum; this pressure of the 
air-cushion finally overcomes the resistance of the operculum and the 
latter springs open. The fore part of the larva, which has acted like 
a stopper to the air, is slightly extruded after the operculum has opened. 
The head of the larva now assumes the normal position, and the first 
pair of legs emerge. Meanwhile the pumping process continues actively, 
increasing the pressure from behind. The larva now protrudes its 
second pair of legs, and the third pair soon follows, hatching being 
completed (Fig. 10). 

The first to study this highly interesting process was Sikora (VIII. 
1915, p. 530), whose observations I gladly confirm and extend. Hase 
(1915, p. 25) attributed the springing open of the operculum to the 
pressure of the head of the larva, and, although he observed the pumping 
process, he failed to catch its significance. Miiller (1915, Pl. ITI, Fig. 14), 
who cites Hase, illustrates the emerging larva. 
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Fig. 9. Pediculus humanus (corporis). Development of the larva in the egg. 


l 1 ry 





05mm 


As described in the text. Drawings from living specimens. 

Note. A number of the points in this description have already been touched upon by 
previous authors; thus Wulker (1915, p. 628) gives five text-figures, tracing a develop- 
ment somewhat resembling that which I have figured; Jeanneret-Minkine (1915, p. 126), 
Widmann (18. vii. 1915, p. 293) and Miiller (1915, pp. 44-47, pl. III, coloured figs. 9-15) 
also devote a few lines of description to the development. 
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The young louse usually frees itself from the egg-shell in 2—5 minutes 
after the springing of the operculum. If, however, the temperature is 
too high, as I have frequently seen in eggs hatching in the thermostat 
or on the body, a considerable proportion of the larvae die in the act 
of hatching; death occurring at any stage of the process from the 
inability of the insect to free itself quickly, before the delicate and soft 
vitelline membrane hardens and the insect’s moist body dries and sticks 
tothe membrane. On the one hand, the larva may die without bursting 
the membrane which encloses it within the shell, in which case only the 
back of the head and thorax protrude from the orifice of the shell; or 
the larva may be unable to extricate the first, second, or third pair of 
legs, remaining stuck to the hardened and shrivelled intima, in the 
position depicted in Fig. 10. 

We may add that when the pumping process begins, the larva 
appears pale, but as the moment of hatching approaches, it becomes 
markedly darker, especially in the region of the head, claws, ete. In 
other words the chitin hardens before the larva issues, and this explains 
why the insect is ready to feed at once on emergence, as Warburton 
first observed. I have, by means of a needle, helped a larva to free 
itself and transferred it to the back of my hand upon the needle point; 
it then instantly proceeded to feed. The chitinous exoskeleton becomes 
still darker in the course of a few hours after the emergence of the 
larva, this being specially noticeable in more pigmented forms of capitis 
where the larva shows well-marked dark lines at the sides of the thorax, 


THe Empty SHELL. 

The empty shell, when viewed by reflected light, presents a white 
pearly appearance to the naked eye. Under the microscope the shell 
is iridescent like a soap-bubble; and by transmitted light it is hyaline. 
The whitish appearance of empty shells is most striking to the naked 
eye when egg clusters are viewed in a good light upon a dark background 
of cloth or hair. The very thin and structureless vitelline membrane 
frequently protrudes out of the orifice of the shell like a funnel or cuff, 
this being the portion which has been pushed out and ruptured by the 
larva that has issued (Fig. 9, 11-13), and crumpled traces of it may be dis- 
covered within the shell or hanging like a sack in the aperture to whose 
margins it remains stuck. This membrane is purposely omitted from 
Fig. 10. 

In describing the orientation of the egg in the section on oviposition 
(see p. 123) reference was made to the manner in which the operculum 
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mostly springs open on the ventral side of the egg, hinging on the dorsal 
side (Fig. 9, 9 and Fig. 10), but it may spring laterally or dorsally, 
or be completely knocked off (Fig. 9, 10-13). There is therefore no 
constancy about the manner in which the operculum springs}. 














Fig. 10. Pediculus humanus (corporis). The larva in the act of issuing from an egg 
attached to a hair. The right-hand figure shows the ventral aspect of the same 
larva, sketched a few moments later, the hair being intentionally omitted. From 
sketches of the living insect. 


1 This appears from counts made on eggs to which the opercula still adhered: of 100 
corporis eggs laid on cloth, the operculum had opened ventrally in 70, laterally in 27 and 
dorsally in 3; similar eggs laid on hair gave the figures 69, 21 and 10 respectively. Of 100 
capitis eggs laid on hair, the operculum had opened ventrally in 43, laterally in 37 and 
dorsally in 20. The number of pores in the operculum is inconstant as shown in the 


figures. 
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The empty shells after a time break away anteriorly, but the basal 
portion surrounded by the thicker mass of cement, and the cement 
tube on the hair, remain unless mechanically removed. Rows of empty 
nits or tubes and fragments of eggs are frequently seen on hairs at whose 
bases there are unhatched eggs in different stages of development; this 
being due to the growth of the hair away from the scalp close to which 
the eggs were originally laid. 


FERTILITY. 
THE PROPORTION OF EGGS THAT HATCH AND THAT ARE FERTILE. 
(a) Corporis. 

According to Sikora (vit. 1915), the first and last eggs laid by a 
female are equally fertile. This statement, however, requires qualifi- 
cation, for the fertility of the eggs depends upon copulation having 
taken place and the female having received a sufficient supply of sper- 
matozoa to fertilize all the eggs she lays. There is no evidence that all 
the eggs laid by a female are fertile, in fact, as I have repeatedly seen, 
occasional infertile eggs are laid by fertilized females. 

Bacot (11. 1917, pp. 241-244) states that usually but 33-65 % and 
at times 75-81 °%, of the eggs are fertile. In four sets of about four 
pairs (3 9) observed for a period of some eight days, during the 12th—30th 
day of the females’ lives, 91-97% of the eggs were fertile. The 
greatest number of fertile eggs laid by a single female was 115. The 
following records relate to the percentage of fertile eggs, as tested by 
hatching, which were laid by many females of different ages. The first 
three records are extracted from Hindle’s Ms. notes, the last three are 
from my own more recent observations. The females were kept with 
males, were fed twice daily, and, like the eggs, were maintained in the 
thermostat. 


Proportion of eggs that hatched. 


Temperature 

at which No. of No. of 

eggs were eggs that eggs that 

kept, ° C. were laid hatched % 
30 203 160 78:8 
30° 322 . 238 73°9 
30 267 154 57-7 
30° 150 105 70-0 
30° 216 149 69-0 


37° 161 87 54:3 
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Therefore out of 1158 eggs maintained at 30°C., 806 or 69-6 % 
hatched. In two observations, the figures are low, especially in that 
where the eggs were kept at 37°. Under constant temperature con- 
ditions in the thermostat at 30°C., we may therefore expect roundly 
70 %, of all eggs to hatch when laid by females to which males have 
access. Of the eggs that fail to hatch, some are sterile and others are 
fertile. In the latter case development may be arrested, or the larva 
may fail to issue. Hatching alone is not therefore a true test of fertility 
(vide infra and pp. 160, 161). 

Peacock (1916, p. 41) records that of 291 eggs taken from a shirt, 
82 % hatched. Swellengrebel (1916, p. 4) saw but 47 % of the eggs 
hatch under experimental conditions which he fails, however, to 
specify. The importance of the. conditions under which the parents 
and eggs are maintained in relation to the proportion of eggs that hatch, 
is well brought out by the following records relating to capitis. 


(6) Capitis. 

The number of eggs of head-lice that hatch under ordinary experi- 
mental conditions is usually very low. At most a very few eggs will 
hatch in the thermostat at 30°C. under conditions where corporis 
yield an average hatching of 70%. After repeated trials and failures 
to raise capitis satisfactorily in the thermostat with two daily feedings, 
etc., as applied to corporis, I concluded that the conditions were so 
obviously unfavourable as to render further efforts futile. The wristlet 
method (see p. 107) was therefore devised and remarkably successful 
results were at once obtained, merely because the conditions were as 
nearly normal as it was practically possible to obtain. The following 
three experiments demonstrate the difference between a good and a 
bad method in studying the biology of lice. 

Expt. 1. Some 92 were placed with gg in a wristlet, and laid 
211 eggs on 2-4. vi. 17; 
development and five eggs shrivelled up at an early stage, this indicating 
that they were sterile. Therefore at least 97-6 % of these eggs were fertile 
and 96-6 % hatched. 

Expt. 2. Seven 92 under the same conditions, the progeny of the 


204 eggs hatched, two larvae showed arrested 


foregoing, laid exactly 500 eggs on 19-29. vi. 17; of these six were 
sterile (ca. 1 °), whilst four larvae failed to complete their development. 
Therefore 99 % of the eggs were fertile and 490 or 98 % hatched. 
Expt. 3. Three 99 with two 34, of the same generation as the last, 
were placed under the same conditions, and laid a total of 275 eggs 
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during 21 days (24. v1.—14. vil. 17); the females died one after the other. 
Of these eggs, 28 were sterile (ca. 10 %) and three larvae (ca. 1-2 %) 
failed to complete their development. Therefore ca. 90 % of the eggs 
were fertile and 244, or ca. 88%, hatched. The lower percentage of 
fertile eggs in this case was due to the death of the two accompanying 
males on the 9th and 15th days of oviposition, only four sterile eggs 
out of the 28 having been laid during the lives of the males. 


THE LENGTH oF TIME A FEMALE REMAINS FERTILE AFTER 
FECUNDATION. 

As copulation commonly takes place at frequent intervals, once a 
day, or oftener, and the female possesses no receptaculum seminis, 
it might be supposed that females would soon cease to lay fertile eggs 
after being isolated apart from the males. Whilst some observations 
show that certain females lay fertile eggs for but a brief period, others 
clearly demonstrate the contrary; fortunately there are a number of 
observations recorded by independent authors which elucidate the 
matter, and I have classified the data as follows: 


(a) Corporis. 

(a) Brief periods of fertility were observed by Harrison (Ms.) in 
three batches of females, that only laid fertile eggs during two days 
after they had been isolated from males. 

(b) Longer periods of fertility. Sikora (vm. 1915, pp. 523-537) 
relates of two females: (1) that laid 64 fertile eggs during 12 days, 
after which she laid infertile eggs; (2) that laid 20 fertile eggs during 
nine days. Hindle (Ms.) records that 20 females continued to oviposit 
for 20 days after isolation from as many males; for the first eight days 
after isolation 75 °%% of the eggs hatched, whereas after 9, 10, 11 and 12 
days’ isolation there hatched respectively 6/29, 4/32, 2/28, 1/27, in short 
only one out of 27 eggs laid on the 12th day hatched; the females were 
maintained at 30°C. and fed twice daily. Swellengrebel (1916, p. 12) 
saw an isolated female lay fertile eggs for a period of 15 days. The 
longest periods have, however, been observed by Bacot (11. 1917, pp. 240, 
243, 251), who records isolated females as having laid fertile eggs for 
12, 17, 18, 19 and 21 days respectively. 


(b) Capitis. 
Similar results have been obtained with head-lice. The longest 
period of continued fertility observed by me was five days. Bacot 
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(loc. cit. p. 249), however, records periods of 7-12 days; one isolated 
female laid 70 fertile eggs. 

In judging of these variable results, certain factors must be taken 
into account which do not appear to have been considered by some of 
the authors cited, although they are fairly obvious. These factors are: 
the age and potency of the copulating pair, the fact that hatching under 
experimental conditions is frequently an imperfect test of fertility since 
a variable number of fertile eggs may die under unfavourable conditions 
and be falsely reckoned as sterile. I have seen a male, after prolonged 
copulation with a female, separate from her and immediately seek a 
second mate, it being evident that he could scarcely fertilize the second 
female with full effect after such a short interval between the acts. The 
brief periods of fertility may therefore be explained either by the 
advanced age or exhausted state of the pairs, the longer périods by the 
pairs being younger or more potent. Finally, unless optimum conditions 
prevail for the development of the eggs, hatching affords a poor guide as 
to their fertility. 


FERTILIZING POWER OF THE MALE. 


The only data relating to the fertility of the male are those recorded 
by Bacot (1. 1917, pp. 236, 239), who states that a 3 corporis fertilized 
18 99, and a ¢ capitis fertilized 10 99. 


DEVELOPMENT FROM THE LARVA TO THE ADULT—THE MouwLTs. 


There are three larval stages in the developmental cycle of Pediculus, 
and consequently three successive moults occur before the insect 
reaches the adult stage. The time required for development from 
Ist stage larva to adult depends greatly upon the temperature and food 
supply, factors whose importance few have recognized. 

Swammerdam (1682 ed., p. 172) concluded that lice undergo 3-4 
moults, and Warburton (1911) stated that there are “apparently” 
three, their number therefore remained in doubt until Patton and 
Cragg (1913, p. 552) in India, definitely established that there are three. 
This has been amply confirmed by different observers (Hindle, in 
England; Sikora, 1915, p. 523, in Germany; Miiller, 1915, p. 47, in 
Austria; Swellengrebel, 1916, p. 4, in Holland, etc.). 

The time required for lice to attain maturity, starting with the 
newly hatched larva, is variously given by different authors; two 
hitherto unpublished observations of my own are included: 
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Period required 
for development 


from Ist st. L. Temp. ° C. and 
to adult other conditions Feeding Authority 
corporis 15-18 days not stated ... ons not stated Railliet, 1895, p. 827 
ws near body ... ii twice daily Warburton, 1911 
11-12 ,, not stated ... aa not stated Fantham, 1912 
om ws 25-—28° sis nie once daily Legroux, 1915, p. 470 
yw not stated ... wit not stated Jeanneret-Minkine, 
1915, p. 825 
9-10 ,, 35°, constant, 35 lice, twice daily Sikora, vir. 1915, 
on person p- 523 
11-16 25°, constant, 4 lice Po Pe 7 
, x on man’sarm* ... continuous Nuttall 
capitis 18 _,, not stated ... eae not stated Railliet, 1895, p. 825 
14-21 ., ‘ <a ve Eysell, 1913, p. 47 
9 . onman’sarmt ... continuous Nuttall 
* Felt cell method (p. 105). + Wristlet method (p. 107). 


With regard to corporis, Railliet (1895, p. 827) is the unacknowledged authority used 
by Eysell (1913, p. 48), who in turn is cited by Prowazek (1. 1915, p. 67); whilst Fasal 
(11. 1915, p. 225) and Heymann (11. 1915, p. 253) cite Eysell also without acknowledgment. 
Fiebiger (vi. 1915, p. 645) appears to have borrowed Eysell’s statement that capitis 
developes in 14-21 days, and to have applied it to corporis. These authors therefore only 
require mentioning in so far as concerns their method of procedure. 


Relatively few authors mention the time that elapses between the 
different moults. Warburton states they moult every fourth day, but 
he left the number of moults in doubt. Swellengrebel (1916, p. 4) 
gives the duration of the Ist, 2nd, and 3rd larval stages as 7, 6, and 5 
days respectively, without stating the experimental conditions. 

The following records, which I have condensed and ordered for 
comparison, give much more accurate information on the subject; the 
timing start8 from when the young larva had its first feed after 
hatching—Table A. 

Protocols showing (a) the variation in the moulting periods of indi- 
vidual lice, and (b) the effect of a low temperature in retarding or 
impeding development (corporis)—Table B. 

A similar individual variation in the rate of moulting has been 
observed by me in capitis. 


Tue Act oF Mouttina. 


The act of moulting takes place in all stages in the following manner. 
The old skin splits longitudinally along the length of the thorax and 
forward to the heavily chitinized vertex of the head along whose edge the 
split extends laterally to near the base of the palps. The insect’s head 
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is depressed whilst this is taking place. As in the process of hatching, 
described on p. 148, the louse, in the act of moulting, sucks up air into 
its pharynx, whence it passes into the gut, thus inflating the animal, 
and, passing backward, it escapes from the anus. At first the back of 
the thorax protrudes, then the first pair of legs, and these, pressing 
downward, help to free the head. As soon as the head issues it assumes 
its normal position and pumping ceases. The second and then the 
third leg-pair appear and help to remove the moult completely by 


as 





L 1 4 1 ein ‘) Yin 
0-5 mm J Wg 
(a i Vy 
<= j 
\ fr ie a fl 
\ + *¥ . =a e) 
¢ \‘\ \ >? 
oF \ } a 
\\i iw \y \ Ps : 
. \ : > a n A h > _—O- / / 
—— oO * > ‘ Eo) ‘ - \ or ¢ : 





Fig. 11. Pediculus humanus (corporis). Empty second larval skin from which a third 
stage larva issued. Note the convergence of the legs which hold the hair or cloth on 
which the insect emerges. Dorsally the old tracheae are seen protruding. The anterior 
portion of the head is bent sharply downward as one piece; the forked structure 
emerging dorsally, represents a portion of the complex of the piercing organ. The 
longitudinal split starts at the vertex and extends backward to the end of the thorax; 
the antennae and eyes are turned downward ventrally. 


pushing it backward. The first to observe the process was Sikora 
(vit. 1915, p. 525) and this author’s description is accurate if short; 
the process was seen to last 5 minutes, and 45 minutes later the louse, 
a 2nd stage larva, began to suck blood. The accompanying illustrations 
(Figs. 11, 12) show the appearance of the moult; Miiller (1915, Pl. I, 
Fig. 5) figures a moult accurately as it appears in profile. Certain 
matters in relation to moulting will receive attention in the section on 
anatomy. I would note, however, that the legs of the moult remain 
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clinging to the cloth or hair upon which the insect has emerged, as in 
the Mayfly ; this anchoring of the moult insures against accidents during 
the act of emergence. When the adults issue, the abdomen appears 
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Fig. 12. Pediculus humanus (corporis). -Empty third larval skin from which an adult 
has emerged. Dorsal aspect, together with a frontal view of the head-parts of the 
moult showing the position of the eyes and antennae. The old tracheae are omitted. 


short, broad, and curved dorsally behind; after a time they lengthen 
to out their normal dimensions and gradually darken. 
Although Bacot (1. 1917, p. 235) states that the males undergo the 
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act of moulting sooner than the females, I have failed to observe such 
a difference in over 100 capitis and many corporis raised to maturity, 
their ages being accurately recorded. 


Loss oF LIFE DURING DEVELOPMENT. 

When raised experimentally, a certain proportion of lice always 
die in the course of their development from the egg tothe adult stage. 
Apart from accidents, in my experience, death may follow (a) arrested ° 
development in the egg, (b) failure of the larva to issue properly from 
the egg, (c) failure to cast off the old skin when moulting (a rare occur- 
rence), (d) inability to feed from weakness probably due largely to 
starvation, (e) overfeeding. A common cause of death due to (a-d) is 
a too hot and dry atmosphere, coupled, in the active stages, with 
infrequent opportunities of feeding. Deaths from overfeeding are the 
result of too long intervals elapsing between meals; the insects may 
literally rupture themselves. 

Corporis is less susceptible to artificial conditions than capitis. A 
large proportion of the former may be raised to maturity in the ther- 
mostat at 30°C. even when they are fed but twice a day: thus, under 
these relatively unfavourable conditions, starting with the Ist stage 
larva, Hindle (Ms.) raised 59-3 °% (944 out of 1590) of them to maturity, 
and Harrison (Ms.) raised 12 out of 14. . 


Under the same conditions, I have repeatedly failed with capitis; 
they died in large numbers from the causes above enumerated (a-d). 
Starting with innumerable fertile eggs, many shrivelled up and hundreds 
of larvae died in the act of hatching, and in the end only a few adults 
were obtained. 

The degree of success obtained in raising lice, depends entirely upon 
whether the conditions are suitable or not. With adequate precautions, 
practically 100 °%, of either corporis or capitis can be successfully reared 
upon man, where the insects find a suitable temperature, and most 
important, unlimited opportunities of feeding. In short, to obtain the 
best results, it is necessary as far as possible to imitate the natural 
conditions under which the insects live as parasites. By the methods 
described on pp. 105-109, wherein the lice were kept continuously upon 
the body, either in a felt cell or more conveniently in a wristlet, the results 
obtained are almost constant, loss of life being reduced to a minimum. 
Capitis affords the better test of the efficiency of the wristlet method. 
Thus, at the first trial, 100 were readily reared to maturity from 102 
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fertile eggs, the only two failures being due to an arrested development 
in the egg, and to a death in the second larval stage. A second trial 
with 104 fertile eggs yielded 103 larvae; five larvae died without feeding, 
and there was but one case of arrested development. A third trial, with 
a batch of 507 fertile eggs, gave 4 cases of arrested development whilst 
4 larvae failed to free themselves from the egg-shell in hatching, con- 
sequently, at this stage, the loss of life was less than 2%. In a fourth 
experiment, carried out during warmer weather, the result was not so 
favourable; thus of 247 fertile eggs, 3 showed arrested larval develop- 
ment and no less than 64 larvae died in the act of emerging, the loss of 
life therefore amounted to about 27 %. This observation is of interest 
as showing that in summer during hot weather there may be an in- 
creased loss of life in lice upon the human body, and it bears out what 
has been stated on p. 87 regarding the seasonal incidence of lice. 


THe Duration oF THE LiFE-cycLe oF P. HiU'MANUS WHEN MAINTAINED 


CONTINUOUSLY UPON THE Human Bopy. 
(a) Corporis. 

The following experiment was carried out by the felt cell method 
(see p. 105), the insects being kept continuously on the arm and having 
direct access to the skin, as in nature. 

On 2. 11. 16, 5 $3 and 5 99, received that morning from Dr W. H. 
Hamer in London, were placed upon the arm after being fed. On the 
afternoon of the following day (Day 1 of the protocol) the lice were 
removed, 25 eggs having been laid in the cell. Of these eggs 22 were 
fertile, all hatching normally at a subsequent date. The arm was 
inspected daily at 10-11 a.m. and the following results recorded : 

Day 


3. 11. 16 1 22 fertile eggs laid on the felt 

8 16 eggs had hatched, 16 lst stage larvae counted 

10 6 remaining eggs had hatched, 4 Ist stage and 18 2nd stage larvae counted 

11 4 more 2nd stage larvae found, making total 22 

12. 13 2nd stage larvae and 9 3rd stage larvae found 

13. 4 2nd stage larvae and 18 3rd stage larvae found 

14 22 3rd stage larvae found 

15 10 3rd stage larvae and 12 adults (2 3 and 10 9) found. All but 2 3 and 
22 were now removed, copulation occurred, and the females ovi- 


posited as detailed on p. 129. 


16 first eggs laid 
The time required to complete the life-cycle, from egg to egg, was 
therefore 16 days, made up as follows: Developmental period in the 


Parasitology x 11 
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egg 8 days, Ist larval stage 2 days; 2nd larval stage 2 days; 3rd larval 
stage 3 days; adults’ pre-oviposition period 1 day. 


(b) Capitis. 

The following experiment was carried out by the wristlet method 
(see p. 107), the insects remaining continuously on the arm and having 
unlimited opportunities of feeding through a screen of chiffon. 

On 2. vi. 17, 4 $3 and 6 99, received that morning from Mr A. Bacot 
in London, were placed in the wristlet and strapped to the arm; the 
females laid their eggs on the hair-grid. The daily record follows: 


Day 
3. VI. 17 1 31 eggs were laid before 10 a.m. 
7 24 eggs hatched, and as many Ist stage larvae counted. 
1] 19 2nd stage larvae counted 
14. — 3rd stage larvae appeared 


16 16 adults (8 
17 first egg laid before 10 a.m. 


3, 8 2) counted; copulation occurred. 


The development from egg to egg therefore lasted 17 days, made up 
as follows: Developmental period in the egg 7 days; Ist larval stage 
4 days; 2nd larval stage 3 days; 3rd larval stage 2 days; adults’ 
pre-oviposition period 1 day. The remaining insects (also the case in 
corporis) developed more slowly. 

These two experiments, as far as I am aware, are the only ones 
hitherto published which afford a true conception of the rate of develop- 
ment of body-lice and head-lice upon the human subject. Feeding 
the insects once or twice a day, and maintaining them in the thermostat 
between feeds under different conditions of temperature and moisture to 
those to which they are accustomed upon man, necessarily must lead to 
fallacious conclusions. Under natural conditions, lice feed at frequent 
intervals, and head-lice especially cannot be raised successfully unless 
fed frequently; this explains the repeated failures that attended my 
earlier efforts to raise capitis. 


THe HyporueticaL Numper oF Descenpants oF One FEMALE 
WITHIN A LimITED Perron. 


Commencing with Leeuwenhoek (ed. 1807, pp. 163-169), who reckoned 
that a female corporis might have 5000 descendants in 8 weeks, a 


number of authors have referred to the possible number of the offspring 
within a limited period. Railliet (1895, p. 825) reckoned that a female 
capitis would have 125,000 descendants in 12 weeks, assuming that 
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they escaped the accidents which destroy many of them in nature. 
Dore (1916, abstr. p. 630) calculates that a female may have 8000 
descendants during her lifetime, and Alessandrini (1916, p. 96) also 
gives an estimate. Bacot (um. 1917, p. 258), writing of corporis, 
estimates the egg period at 12 days and the larva-to-adult period at 
12 days; allowing an average of 8 eggs laid per day during 40 days, 
he computes that a female may have 4160 descendants during her 
lifetime. 

The data obtained by me in raising corporis upon the body, differ 
from those of Bacot and other authors. The egg-to-egg period was 
found to be 16 days; the average number of eggs laid per day per female 
being 10, laid in 28 days. Taking the life of the adult female as lasting 
30 days upon man; assuming that but 70 °% of the eggs hatch and that 
only 60 % of the larvae attain sexual maturity, we allow a consideraole 
margin for loss during development!; we must assume that the sexes 
are equally represented among the descendants. Given these data, 
Miss H. P. Hudson has kindly calculated for me that a female would 
have 1918 descendants during her lifetime, and that the offspring of 
her daughters, during their lifetime, would number 112,778. This 
offspring would include all stages of development from egg to adult. 
I may add that this large figure would be reached in 48 days from the 
date when the original female began ovipositing. 

Judging from the enumerations that have been made of the numbers 
of lice that may be present on an individual (see p. 86), it is evident 
there must be a very great loss of life among the lice that infest 
a man, even when the clothing is worn continuously and no special 
measures are taken to destroy the vermin. A very large number are 
undoubtedly destroyed merely by the constant scratching of the person. 
When this combative action of the host becomes less active through 
debility or disease, it will be readily understood why enormous numbers 
of lice may occur on the individual as recorded in older reports on 
pedicular disease. We have parallel instances in animals which on 
becoming old or decrepit are super-parasitized by fleas, lice or ticks; 
the animal in health would have prevented this or, as the saying goes, 
would have “kept itself clean.” 


1 No such heavy losses have occurred in my best raising results either with corporis or 


capitis. 
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Loncevity oF Lice (DIFFERENT STAGES) WHEN STARVED. 


The first observation relating to the longevity of lice is recorded by 
Swammerdam (ed. 1682, p. 60) who states that lice soon die unless kept 
warm and moist. Recent publications contain many references to the 
subject because of its practical bearing, but the observations recorded 
are of very unequal value. Very few authors give the requisite data 
regarding (a) the number, age, and stage of development of the lice 
experimented upon, (6) the temperature and hygrometric conditions, 
(c) whether the insects had been fed or not prior to fasting, (¢) whether 
the lice were kept in the dark or the light. All of these factors may 
materially affect the results obtained. In the following table I have 
sought to condense the information that is forthcoming from the writings 
of other authors and my own experiments: 


Experimental Records relating to the Longevity 
of Starved Lice. 


(a) Corporis. 


(a) Records which state the temperature at which the lice were 
kept, and the stages that were experimented upon. 


Experiments on \st stage larvae. 

The following records relate to experiments of mine, conducted 
with larvae (Lot 212) collected in batches of 10 for each test as soon as 
possible after hatching. Some larvae remained unfed, others were fed 
once immediately before they began their fast. 


Unfed or 
Temp. once fed Longevity when fasting 
°C. atstart Conditions (abbreviations: d.=dead; f. =feeble) 
33° unfed _wristlet, 23 hrs. 27 hrs. 
dark 7d.1f. 2d., last one dying 

33° fed ditto 9d.1f. last one dead 

20° unfed on cloth, 58 hrs. 71 hrs. 81 hrs. 95 hrs. 101 hrs. 
dark, dry 3d. 4d. 2d,ldying — — 

20° fed ditto 2d. ld. 3d. 2d. 1dying 1d.,lastdying 

12 unfed ditto, but 57 hrs. 72hrs. 101 hrs. 120hrs. 127 hrs. 
damp id. 2d. 2d. 1d. 4 dying 

12° fed ditto 2d. 2d. 2d. 2d. 1 d., 1 dying 
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From this we see that some unfed and once-fed larvae at 33°C. 
lived up to 27 hours; at 20°C. some lived to 81 and 101 hours; ‘at 
12°C. some lived up to 127 hours. There is no material difference in 
the longevity of unfed and once-fed larvae; only at 20° C. did the fed 
larvae slightly outlive the unfed. 

Other authors state that Ist stage larvae live: 1 day at 36-1°C., 
dry (Bacot!)*; 1 day at 25-30° C. (Hase®); 1-2 days at 30°C. (Patton 
and Cragg, 1913, p. 552); at longest 4 days at 6° C. (Hase*). None of 


these authors state whether the larvae had fed or not. 


Experiments on adults. 


Temp. ° C. Unfed or fed Conditions Longevity Authority * 
36° not stated a one = ove Ess ... 3dayst  Bacot? 
34° - o pa gy te _ ... not stated 1 day Heymann’ 
25-29° ne - a be jas — = 3-5 days a 
24° ” - oe ine “as ... damp ... 3 days Bacot! 
16-18° ¥ - aor ar ie Ce ... 4-7 days ” 
12-15° Fe ‘a die bee eis ... not stated 7-9 ,, Heymann’ 
15° 8 hrs. after ecdysis, fed soon before, dry, dark,in 3-4 ,, Nuttall 
2 expts. with 10 lice tubes on cloth 
15° Several days old, fed soon before, Slice ditto .. 5 days 
10° ditto... dies ‘can ee ... ditto wae jae = 
5 8 hrs. after ecdysis, unfed, 2 expts.,10 ditto,damp 3} ,, ” 
lice 
5° ditto, except that fed shortly before ditto,damp 3 ,, o 


* To avoid repetition, the references are arranged by numbers and given at the end of 
this section p. 170. 
t A day is reckoned as 24 hours throughout. 


I here append an unpublished experimental record of Hindle’s relating to adult lice 
of unknown age: 

“Eighteen pairs of lice were allowed to gorge, and then divided into three lots, each 
of six pairs, which were kept at different temperatures without further feeding, with the 
following results: 


Days 30° C. 22° C. 8—10° C. 

] 1 § dead -- 1 § dead 

2 4 Sg and 3 99 dead — — 

3 1 ¢ and 3 99 dead 5 $d dead --- 

4 All dead 1 g and 5 99 dead 4 3d dead 

5 — 1 2 dead 1 fg and 4 99 dead 
6 — All dead 1 2 dead 

7 —- -— 1 2 dead 

8 — — All dead 


The period of starvation that a louse can survive thus varies from about three days 
at 30°C. to seven days at 8-10°C.; but those which have been starved for three days at 
room temperature become so weak that they can only feed with difficulty, and there is 
little doubt that a louse, even if it survived a week without a meal, would not then be 
able to feed.” 
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(b) 
of the lice experimented upon. 
ent ages and both fed and unfed. 


Temp. °C. Conditions 


40 in thermostat 

37 carried in axilla 

37 $1 lice in thermostat 
36-5 not stated 

35 50 lice, moist 

29-33 moist 

30 dry 

30 moist ‘i 
28-30 carried on breast 


85 lice 


25-28° carried on body 
22 not stated 
20 dry 
- 20 moist 
20 several lice 
16-18 not stated 
_ 15-17° dry 
15-17 moist 
10-20 98 lice 
10-12 not stated 
6° 100 lice 
55 not stated 
5 ‘ om aoe 
3-5-6 on infested shirt exposed to wet 


weather 


+ There survived respectively 90, 67, 37, 


days 2-6. 
t There survived respectively 97, 93, 

100 on days 2-8. 

Records which do not 


(c) 
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Longevity 
12 hours... 
1 day 
1 day 
1 day 
1} days 
5-7 days se ae 
50 %, dead in 1 day, others 
lived 2-3 days 
3-5 days 
30-36 hours eee 
6 lice lived, 2 days, none 
longer 
3-5 days 
2 days at most 
2—4 days 
3-6 
5 ays 
3 days at most 
4-5 days 
4-7 oe 
only 1 lived 7 dayst 
occasionally lived 9 days 
only 2 lived 9 dayst 
10 days oe 
occasionally 10 davs 
some lived 5 days 


tecords which give the temperature but not the stages or age 
Presumably the lice were of very differ- 


Authority * 


Heymann*® 


Hase® 
Noeller'® 
Wilder! 
Engelhardt? 


Heymann® 
Hase® 


Heymann® 
Sikora!” 


Engelhardt? 


Galli-Valerio* 
Sikora!? 
Engelhardt? 


Hase® 
Heymann® 
Hase® 
Noeller!® 
Heymann® 
Peacock 


10, and 2 lice out of the original 98 on 


give the temperature, etc. 


. 54, 36, 18, and 11 lice out of the original 


Xecords mentioning the stages experimented upon but not the 


conditions. 


Stage Longevity 
die in 36 hours 
2-4 days 


4-5 days at most 


Ist stage larvae 


Adults 


3 days 


Authority * 


Warburton!*, Fantham’, Girault (1912, p. 339) 
Heymann‘ 
Warburton™ 


Fantham? 


* To avoid repetition, the references are arranged by numbers and given at the end of 


this section p. 170. 
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Records which do not mention the .stage, but state something 
regarding the conditions affecting the lice. 


Conditions Longevity Authority * 
In earth and sand 2-3 days ... Hase® 
In vitro ... ee oni 2-3 days, mostly Fiebiger'® 
At “room temperature” 2-3 days ... Galewsky’® 
“Tn open dishes,” Russia 34 ,, ... Report, x. 1915, p. 53 
“In the cold” ... 4 days at most Sikora!” 
In moist sand 4 days ... c<s Saane® 
In vitro ... ‘ ‘iti = ati 3-5 days ... Miiller® 
Beneath 1 ft of dry earth or sandf ... 4 days ... .-- Noeller, 1915, abstr. 
On single shirts in tins or paper parcels Se «a Peacock! 
After removal from patient in Algeria S x ... Sergent and Foley!’ 


Expt 1. On straw for 3 men infested with 43-7 days .-» Peacock" 
535 lice; 3 men slept thereon, after 44 
days, on 3 successive nights, after which 
they harboured 18, 4 and 7 lice each 

Expt2. As before, except that 1000 lice were 
used and the men slept on straw after 54 
days. Lice found: 2, 2, and 0, on 3 
succeeding nights 

Expt 3. On 3 palliasses infested respectively 8 days ... eve “a 
with 325, 500, and 500 lice 


> | 

ton 
| 

~! 


On soil in tin -_ sie 7-8 days aes ss 

On shirts stored in bulk vee ie a SG oe = 

Kept “cool” vs aid ... Hocht and Halber- 
kann!8 

In clothing 6-10 days --- Miiller® 


* To avoid repetition, the references are arranged by numbers and given at the end of 


this section p. 170. 
+ Noeller is reported as stating that the lice came up through 12 inches of earth or 


sand, 

Furthermore, without stating any particulars, Bisset (1914, p. 114) in India, records a 
longevity of 5-6 days; Ragg (1915, p. 172) gives 6 days, and Prowazek (1915, p. 67) gives 
2-4 days. Zucker (1915, p. 294) makes the absurd statement that gorged lice may live 


for weeks in soldiers’ knapsacks. 


(b) Capitis. 

Without specifying the conditions under which the lice were kept, 
Galli-Valerio® states that head-lice at 30° C. lived 1-2 days, at 20° for 
2-5 days, at 1-2° for 4-5 days, at 0-5° for 4 days. 

The following records relate to experiments of mine carried out with 
larvae and adults (Lot 210) that had emerged within the previous 
24 hours in a wristlet, where they had fed moderately; they starved 


subsequently. 
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Stage and 
No. of lice 


Temp. 


tested C. Conditions 
Ist st. L. 31 on cloth, in dark 
10 thermostat, dry 
20 17 ditto in room, dry 
10 12° ditto in damp re- 
frigerator 
Adults 
233 33° on arm (wristlet) 
238 30° on hair, in dark 
thermostat, dry 
35 7 20° on hair, in dark 
room, dry 
635 12° on cloth in damp 


refrigerator 


Biology of 





Pediculus humanus 


Longevity when fasting 


(abbreviations: d.=dead; f. =feeble) 


8 hrs. 24 hrs. (similar results on body at 
4d.6f. alld. ao C.) 
24 hrs. 33 hrs. 48 hrs. 54 hrs. 
74. 3f. 4d. 4d.,5dying alld. 
48 hrs. 72 hrs. 77 hrs. 102hrs. 121 hrs. 
1d. 5d. 1 d. 1d.,2dying alld. 
23 hrs. 27 hrs. 30 hrs. 
23939 d. d.,2dying last 2 d. 
23 hrs. 29 hrs. 47 hrs. 
1 § d.1 3 dying 5Od. last 2 d. 
48 hrs. 58 hrs. 72 hrs. 78 hrs. 96 hrs. 
1g1l2d. Ilgd. 1¢39d. 22d. _ last?d. 
96 hrs. O02 hrs. 120hrs. 127 hrs. 143 hrs. 
19d. 2$19d.2339d. 1 pf dying last 9d. 


SUMMARY REGARDING THE LONGEVITY OF STARVED LICE. 


A selection confined to those of the foregoing records giving the 
> 5 ; 5 


longest spans of life observed under different conditions, gives 
t eS 


following general result: 


Corporis 
Ist st. larvae, in the dark, unfed 
once fed 
unfed 
once fed 
unfed 
unfed 
Various unspecified stages, not stated 
if fed or not, ete. 


Capitis 
Ist st. larvae, in the dark, unfed 


Ck 


Adults, in the dark, unfed 


Gre 


atest 


recorded 


longevity 


27 
23 
81 
101 


97 


127 


1 
] 
3 
3 
5 


10 


Died within 


24 
D4 


1. 110 


30 
47 
96 
143 


hrs 


day 


days 


” 


hrs 


hrs 


the 


Temperature 


go! Authority 
33° dry Nuttall 
33 9 9 
20° ,, 99 
a ” 
i ss ” 
_ ” 
40° dry Various authors cited 
37 in foregoing tables 
a re a 
we sw ss Em 
30° damp ” ” 
20° dry = ~ 
20° damp ve se 
16-18° dry o 9° 
15-17° _,, o» »» 
15-17° damp *” ” 
10-12° * ” 
6° , = 
5 9 9% 
31° dry Nuttall 
BF ep % 
10° damp re 
a ” 
 ——_ = 
mw , 
m” « - 
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Further experiments may give more accurate information, but the 
general result is conclusive in so far as it proves that lice live longest 
at a low temperature and that life is somewhat prolonged by a damp 
atmosphere under the conditions specified. The influence of feeding 
prior to a fast in corporis larvae was only apparent when they were 
kept at 20° C., otherwise there was no material difference in the longevity 


of the once-fed and unfed insects. 


LonceEvity oF Lice (ADULTS) WHEN FeEp. 


In the following protocols, the age, in all cases, is reckoned from the 


last ecdysis. 


(a) Longevity of corporis when gorged once daily. 


No. of lice Sex Conditions Longevity Authority * 
] 2 ?intube on person... 21 days ... Fantham® 
“some” 2 ?in thermostat at 28°C. 30 ,, ... ... Swellengrebel, 1916, p. 4 


whilst laying 


(b) Longevity of corporis when gorged twice daily. 


No. of lice Sex Conditions Longevity Authority * 
2 3} onclothin tube, near per- 17 and ca. 21 days Warburton!* 
son 
l ditto (with 3) ... ... 30 days ie * 
“some” $ at 30°C. in thermostat 15-16 days ... Hindle ms 
; at 22° C. ... _ . 24-28 ,, eee % 
6 2 atea. 24°C. in pocket by respectively 21, Sikora, vim. 1915, p. 528 
day and at ca. 35°C., 25, 36, 37, 37 
near person at night, and 45 days 
whilst laying 
5 3 under same conditions as_ respectively 21, - » % 
above 28, 30, 31 and 


35 days 


* To avoid repetition, the references are arranged by numbers and given at the end of 


this section p. 170. 


(c) Longevity of corporis, capitis + corporis (1st generation of 
hybrids) and capitis, when fed by Bacot’s method (see p. 110) during 
6-7 hours out of the 24; carried next to the body at night, in the waist- 
coat pocket by day. The sexes were kept together and the females 
oviposited. 
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No. of Authority 
adults Bacot I. 
and sex Longevity Remarks 1917 
corporis 13 32 days ~ ia ... Whilst it fertilized 18 p. 236 
7 respectively 23, 29, 30, 32, 34, ~ p. 236 
44, 46 days (average 34 
days) 
corp.+cap. 1312 45 days eee as .-- female laid normally  p, 255 
capitis 43 respectively 7, 12, 15, 30 days — ° pp. 246-247 
16 respectively 11, 14, 17, 20, — pp. 246-247 


22, 25, 26, 20; Si, Bi, Be, 
34, 36, 37, 38 days (average 


27 days) 


(d) Longevity of corporis and capitis when offered unlimited 
opportunities of feeding on the body by the felt cell and wristlet 
methods in my experiments. Only the longest lives recorded. 


No. of 

adults Longevity Remarks Authority 
corporis igl } 28 days, 2 29 days ... on skin of arm .» Nuttall 
capitis ae 3 23 days, 2 22 days ... in wristlet.... ae ie 

1 Bacot, m1. 1917, p. 234. 2 Engelhardt, 1915, p. 165. 3 Fantham, 1912, p. 513. 

4 Galli-Valerio, 1913, p. 501. 5 Galli-Valerio, 1916, p. 37. ® Hase, 1915, p. 67, cited 
by Miiller. 7 Heymann, ut. 1915, p. 253. 8 Heymann, 18. vit. 1915, p. 308. 
® Miiller, 1915, p. 74. 10 Noeller, 1915, abstr. 't Peacock, 1916, pp. 40, 50. 
12 Sikora, 1915, pp. 164, 533. 18 Warburton, 1911, pp. 23-27. 14 Wilder, 1911, 
p. 43. 15 Fiebiger, vu. 1915, p. 645. 16 Galewsky, 1. 1915, p. 286. 17 Sergent 
and Foley, m1. 1914, p. 471. 18 Nocht and Halberkann, 1915, p. 626. 


SUMMARY REGARDING THE LONGEVITY OF ADULT LICE WHEN FED. 


Corporis. The foregoing records show that a female may live up 
to 30 days when kept at 28°C. and fed once daily; when fed twice 
daily and kept at 24° by day and ca. 35° by night, the male may live 
35 and the female 45 days; when afforded an opportunity of feeding 
during 6-7 hours out of the 24 on the person and carried in the pockets 
during the interim, the maximum age attained by a male was 32 days 
and by a female 46 days (Bacot’s average for 7 females = 34 days). 
When kept continuously on the body and given unlimited opportunities 
of feeding, as in nature, the longest lives observed were 28 days for a 


male and 29 days for a female. Bacot’s corporis + capitis hybrids: 
a male and female fed for 6-7 hours out of the 24, lived 45 days. 
Capitis. The longest lives recorded for a male and female fed for 6—7 
hours out of the 24 were 30 days and 38 days respectively (Bacot’s 
average for 16 females = 27 days). When kept continuously on the 
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body by the wristlet method, the longest life of a male was 23 days, of 
a female 22 days; the experiment should, however, be repeated in cool 
weather, for I believe they will live longer. 

Therefore the females usually outlive the males. The longest lives 
observed by me in corporis (and capitis) are markedly shorter than those 
recorded by Sikora and Bacot, the age of the females in both cases 
falling 5 days short of Bacot’s average. The reason seems clear when 
we consider that my females laid more eggs per day, their metabolism 
being necessarily more active under the more natural conditions in 
which they were maintained. Under approximately like experimental 
conditions, corporis lives some days longer than capitis. 


Feepine Hapsits. 

The act of sucking blood was first observed microscopically by 
Robert Hooke (1665, pp. 211-213), who mentions that it is accomplished 
by a “pump” in the head’. Leeuwenhoek (ed. 1807, p. 163) relates 
that the louse everts a nipple-like protuberance from the front of the 
head from which the piercing organ issues; the latter being enclosed 
in a retractile sheath. Leeuwenhoek describes how the louse raises the 
posterior portion of its body when feeding; in the absence of hairs it 
clings firmly by its sharp claws to the skin surface; the blood is seen to 
flow through the oesophagus whilst the intestine shows active peristalsis. 
The process of feeding was also observed by Swammerdam (ed. 1682, 
p. 60) who described how he saw the blood flow like waves into the gut, 
recalling the rush of water through a sluice; the blood entered with 
such force that the excreta were propelled outward, whilst the gut 
moved actively. 

Various matters relating to the mechanism of feeding will be con- 
sidered in detail in the section dealing with the mouthparts?. Regarding 
the general behaviour of lice when feeding, little has been added to what 
was so well observed by the old authors just mentioned. Having 
anchored itself firmly upon the skin or by clinging to the base of one 
or more hairs, the louse feels about with its head depressed. The 
object of depressing the head is to permit the teeth of the haustellum to 
penetrate the skin. The haustellum, or “nipple-like protuberance” of 
Leeuwenhoek, is provided with rows of dorsally projecting recurved 

1 Nevertheless Widmann (18. vit. 1915, p. 290) makes the absurd statement that the 
blood is sucked up by “gut peristalsis” ! 

2 Lice refuse to feed on a drop of blood (Widmann, 28. rx. 1915; Galli-Valerio, 9. v. 
1916, p. 37). 
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chitinous teeth which are inverted when the suctorial apparatus is 
withdrawn. The hooklets serve to anchor the head of the louse to the 
skin; they are figured by Swammerdam. Schjédte (1866, pp. 213 
et seq.) found that the haustellar teeth offered a slight but appreciable 
resistance when he attempted, with the aid of forceps, to pull the head 
of the louse away gently from the skin to which it was anchored. 

Many lice, when feeding, tilt the long axis of their bodies almost 
vertically to the skin surface; this seems to me attributable to the firm 
grip afforded by the haustellar teeth which permits a relaxation of the 
efforts of clinging with the legs and of depressing the head; this position, 
moreover, places the head in the most favourable position for maintain- 
ing the grip with the haustellar teeth and using the piercing mouthparts. 
In other words, the haustellum with its teeth acts in a somewhat similar 
manner to the mouthparts of a tick in anchoring the parasite to the host, 
so that little or no effort is required by the legs. Having anchored 
itself by the haustellum, the louse protrudes the piercing organs and 
proceeds to pump. It may draw blood at once or repeated efforts may 
have to be made at different places before blood is successfully drawn. 

Assuming that blood is found, the insect proceeds to pump it in by 
means of its pharyngeal apparatus which can be readily seen with a 
hand lens or better under a binocular microscope. The pulsations of 
the pump are so rapid that they can scarcely be counted. Sikora (v1. 
1915, p. 531) states that there may be 150 pulsations a minute, but this 
seems to me largely guesswork. From the pump, the blood is propelled 
back through the fine tubular oesophagus into the midgut whose 
peristaltic movements become extremely active. As the intestine fills, 
excreta are commonly voided in more or less profusion. The time 
occupied in feeding, the amount of blood imbibed and of excreta voided, 
are largely dependent upon the state of hunger. 


The frequency with which Lice feed. 

The louse larva feeds at once on emerging from the egg as was first 
noted by Warburton (1911) and has since been confirmed by Fantham 
(1912) and Swellengrebel (1916); the latter's statement that larvae 
feed more promptly than adults is contrary to my observations on 
equally hungry larvae and adults. After helping a larva to emerge, 
by means of a needle, I have transferred it on the needle-point to the 
back of my hand and seen it suck blood immediately. Later stage 
larvae and adults are ready to feed very soon after moulting; thus 
Sikora saw an adult feed 45 minutes after ecdysis. 
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Illustrating a man’s left forearm upon which 22 adult and 22 first stage larvae of corporis are 


gorging themselves, as they do when fed twice daily and maintained at 30° C. 





PLATE 


(Natural size. ) 
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Repeated observations of lice under natural conditions has con- 
vinced me that they feed much more frequently than is generally 
supposed. Brumpt (1910, p. 550) states that corporis feeds mostly at 
night. Lelean (1917), no doubt confusing laboratory experiments, 
possibly those of Bacot, with what takes place in nature, states that 
lice feed twice in 24 hours. When I have examined lice immediately 
upon their removal from infested persons, or lice maintained continu- 
ously upon the body under experimental conditions, | have been much 
struck by the fact that they are very rarely found gorged with blood. 
When they contain an appreciable amount of red blood, it is almost 
always in moderate quantity and frequently the contents of the very 
sparsely filled alimentary tract appear black. Again, when I kept lice 
continuously upon the person, I noticed that they started to bite at 
all times when I kept quiet. It is doubtless correct to state that lice 
bite most frequently at night, but it is certain that they bite frequently 
and at all times during the day, especially when the host comes to rest 
or there is little movement of the part of the body where the lice happen 
to be. 

The frequency with which lice feed is naturally dependent upon the 
rate of digestion, which in turn is influenced by temperature. Lice will 
feed much more frequently at body temperature than when kept cool. 
Entirely false conceptions may result from ordinary laboratory experi- 
ence regarding the feeding habits of lice, and it is to correct the tendency 
to such misconceptions that I lay stress on the subject. The only 
author who records experiments bearing on the matter is Hase (1915, 
pp. 72-74, cited by Miiller), who maintained 11 lice at 37° C. and saw 
7 of them feed again after an hour, whilst of 6 lice placed at 6° C., only 
2 fed after an interval of 9 hours. I would remark, however, that at 
such low temperatures the digestive processes are suspended, and, unless 
the insects had partaken of but a very modest meal, they would not 
again bite from hunger. . 


The gorging of Lice. 

When lice become ravenous with hunger, they feed to excess. They 
fill their midgut to its utmost capacity with blood and the abdomen 
becomes proportionately swollen (Plate II). Not content, they may 
expel bright red, undigested blood from the anus. It occasionally 
happens that a few minutes after gorging, or at times later, that the 
insect assumes a pink and then a red colour all over owing to the rupture 
of the intestine and the diffusion of haemoglobin throughout its coelomic 
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cavity; such insects invariably die after a short time. Gorging may 
be observed in lice kept at 28-37° C. and fed only once or twice a day, 
or after longer periods of starvation. 

Several authors have taken the pains to weigh lice before and after 
they have gorged in the manner described. Widmann (1915, p. 1336; 
18. vit. 1915, p. 290) states that an adult corporis may increase 0-7- 
1-2 mg. in weight (= 0-6-1 e.m. of blood); Heymann (18. vir. 1915, 
p. 307) found that lice imbibed 0-2-0-3 mg. of blood at a meal; Rocha- 
Lima (1. 1916, pp. 17-31) reports that Sikora and Halberkann found the 
$ imbibed 0-325 and the 2 0-89 mg.; finally Galli- Valerio (1916, p. 37) 
found adult capitis capable of imbibing ca. 0-5 mg. of blood. The 
interest in these weighings may be twofold ; they may afford (a) a measure 
of the loss of blood the host may suffer when infested by a given number 
of adult lice, and (b) give an indication of the multiplication of a virus 
taken into the louse’s body with the blood it imbibes, say in the case of 
typhus. In the latter, for instance, the blood of a typhus patient may 
be infective by inoculation in doses of 5¢c.c., whereas the bodies of 
10 crushed lice, hypothetically equal to say 10 c.mm. of blood imbibed, 
may prove equally infective, and the inference that the virus has 
multiplied may be correct. As a measure of the loss of blood these 
weighings are fallacious, for normally the louse only gorges infrequently 
upon the host and the amount of blood imbibed in many little meals 
may be greater than when large meals are taken at long intervals 
although the insect perhaps fills itself to bursting point. Moreover, 
the loss of blood is not merely due to adults, since the immature stages 
usually preponderate upon infested persons. 


The time occupied in feeding. 

When hungry lice are placed upon the skin, they instantly proceed 
to feed, be they in daylight or darkness, or in the presence or absence 
of so-called repellants, and, usually in a few moments, the blood may be 
seen entering the midgut. At times there is some delay before the 
blood flows, because the insects must first find a blond vessel. A 
number of authors have timed the process, stating that it may take: 
10-15’, at times 25’, in larvae, and 20-30’ in adults (Fantham, 1912, 
p. 514); 5-10’ (Legroux, 1915, p. 470); 7’ (Musselius, 1915, p. 170, 
who fed them on himself); 3-5’ (Widmann, 18. vi. 1915, p. 290); 
8-21’, at most 23’, when they have starved (Hase, 1915, p. 85, cited by 
Miiller); larvae fed twice a day took 9-22’, but fed more rapidly when 
fed thrice a day (Peacock, 1916, p. 39); all stages are satiated in 2-15’ 
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(Swellengrebel, 1916, p. 23). The only observations not agreeing with 
the foregoing are those of Sikora (vi. 1915, p. 531), who states that 
adults take 1-1}, at times 2-3, hours to feed, sucking intermittently. 
I have only observed such prolonged feeding in enfeebled lice, and 
agree with others that gorging usually lasts about 3-10’ in hungry 
insects. When not ravenous they may feed for shorter periods. 


DIGESTIVE PROCESSES. 


On examining the young unfed larva under a low power, the slight 
contents of the midgut present a greenish colour. When it gorges, 
its previously short flat body becomes elongated and swollen. Whilst 
feeding for the first time, it expels some of the ingested blood by the 
anus. This expulsion of undigested, bright red blood, takes place in 
all stages, when they feed to repletion; there is no evidence that it 
occurs when the insects feed moderately and at frequent intervals as 
they usually do under natural conditions. The issuing droplets of 
blood dry rapidly, and cohere to form short chains of irregular or spiral 
form and dark red colour, subsequently becoming blackish. Whilst 
the insect feeds, and for a variable period afterwards, the gut shows 
very active peristalsis. 

The rate at which digestion occurs is much influenced by temperature. 
After 4 days at 12° C., a larva will still appear swollen and red, whereas 
at 31-37° C. a reduction in volume takes place in a few hours, and the 
bright red colour soon vanishes, changing from the haemoglobin-red 
to reddish brown and black as digestion proceeds. Whereas the gorged 
midgut at first renders most of the internal organs invisible, it gradually 
contracts and appears as a blackish, median longitudinal line under a 
hand lens, and finally the excreta accumulate in the posterior reaches 
of the intestine, the various organs of the insect having become again 
visible by transparency. In the meantime the insect has voided a large 
amount of blackish excreta. When lice are kept at 28° C. they do not 
need to be fed as often as at 35-37° C. because they digest more slowly 
and lose less water. 

All who have studied lice have observed these appearances; Swam- 
merdam (ed. 1682, p. 60) observed the expulsion of blood in the act of 
feeding; Sikora (vit. 1915, p. 532) noted that lice kept at 6-8°C. 
contained unaltered blood after 8-10 hours, whereas at 35° C. digestion 
was completed in that time; Widmann (18. vu. 1915, pp. 290-292; 
28. 1x. 1915, pp. 1337-1338) found that the gut became empty in 10 
hours at 28-30° C., in 12 hours at 20°C., and in 16 hours at 15°C.; at 
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28-30° C. the blood in the gut had become dark or black in 3-4 hours; the 
red blood corpuscles being destroyed in 5 hours at latest and replaced 
by detritus consisting of amorphous particles. The empty gut is faintly 
acid (this spoils Giemsa staining unless neutralized by ammonia vapour), 
but on feeding, a weak alkaline protease is given off into the gut. 
Widmann found the gut contents to be sterile in 25 lice examined for 
aerobic and anaerobic bacteria; from 5 out of 25 lice that had been 
dead 10-12 hours he isolated a small anaerobic bacillus. 

Widmann found the faeces to be faintly acid. When fresh faeces 
are viewed in salt solution they are seen to consist of fine granular 
detritus and yellow-brown prismatic crystals, occurring in bundles or 
rosettes; the crystals are indistinct, insoluble in water, alcohol, ether, 
chloroform, and the ordinary mineral acids, but they dissolve in dilute 
alkalies. These crystals, probably haemoglobin or its derivatives, 
apparently form outside on contact with air as they are not found in 
the gut. I have occasionally observed excreta having a whitish colour, 
and doubtless derived from the Malpighian tubes; in an old adult a 
long mass of this character was found protruding from the anus of the 
dying insect. 

Some further details relating to digestion will be considered in the 
section on anatomy that will follow. 


Some Reactions oF PevICULI. 
REACTIONS TO LIGHT. 


Heliotropic reactions. According to Hase (1915, pp. 48-50, cited by 
Miiller), corporis shun the light unless they have hungered 12-24 hours, 
in which case they wander toward a source of light; if, however, they 
are disturbed, they seek darkness. Galli-Valerio (1916, p. 37) states 
that capitis wander to the light when hungry and to the dark when 
gorged. Bacot (u. 1917, p. 233) found corporis and capitis moved 
toward the shadow of dark objects; when placed upon squares of black 
or white paper, they mostly wandered to the shady side; he makes no 
mention of whether the insects he tested were hungry or not. 

I have made a few experiments with corporis at ca. 15° C. in diffuse 
daylight about 5 feet away from a window. About 200 hungry insects 
in all stages of development were placed on a square of dark cloth 
measuring about 10 x 8 cm., in the centre of a large glass dish. When 
agituted, on first being placed on the cloth, they repeatedly ran to the 
upper illuminated surface, when the cloth was reversed at intervals of 








